DEPARTMENT OF THE ARMY
OFFICE OF THE CHIEF OF ENGINEERS
WASHINGTON, D.C. 20315

IN REPLY REFER TOQ

ENGCW-PD

SURJECT: Beaver Brook Dam and Reservoeir, Keene, New Hampshire

TO: THE SECRETARY OF THE ARMY

1. I submit for transmission to Congress the report of the
Board of Engineers for Rivers and Harbors, accompanied by the
report of the Division Engineer, in response to a resolution of the
Committee on Public Works of the United States Senate, adepted
3 October 1960, concerning the advisability of providing flood
protection along Beaver Brook, a tributary of the Connecticut
River, at and in the vicinity of Keene, New Hampshire,

2, The Division Engineer recommends construction of a
multipurpose dam and reservoir on Beaver Brook in Keene, New
Hampshire, for flood control, recreation, fish and wildlife
enhancement, and future water supply. The total estimated first
cost is $1,377,000, of which $819,500 is Federal and $557, 500
ig non-Federal, after allowing for non-Federal repayment for water
supply, recreation, and fish and wildlife enhancement costs,
Annual costs for operation, maintenance, and major replacements
are estimated at $§12,600, Total average annual berfefits are
estimated at $165,700 and total annual costs are estimated at
$57,700, resulting in a benefit~cost ratio of 2.9. The Division
Engineer recommends that the project be authorized essentially
as set forth in his report, subject to certain conditions of local
cooperation,
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3. The Board concurs generally in the findings of the report-
ing officer and recommends construction of the proposed dam and
reservoir, subject to local cooperation.

4. I concur in the views and recommendations of the Board.

WILLIAM F. CASSIDY
Lieutenant General, USA
Chief of Engineers
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DEPARTMENT OF THE ARMY
CORPS OF ENGINEERS
BOARD OF ENGINEERS FOR RIVERS AND HARBORS
WASHINGTON, D.C. 20315

IN REPLY REFER TO

ENGBR o , 22 March 1967

SUBJECT: Beaver Brook Dam and Reservoir, Keene, New Hampshire

TO: Chief of Engineers
Department of the Army

1. Authority.~--This report is in partial response 1o the
following resolution adopted 3 October 1960:

Resolved by the Committee on Public Works of
the United States Senate, That the Board of Engineers
for Rivers and Harbors, created under Section 3 of the
River and Harbor Act, approved June 12, 1902, be,
and is hereby, requested to review the reports of the
Chief of Engineers on the Connecticut River Basin,
Vermont, New Hampshire, Massachusetts and Con-
necticut, published as House Document Numbered
455, Seventy-fifth Congress, second session, with
a view to determining whether the recommendations
contained therein should be modified in any way at
the present time, with particular reference to provid-
ing flood protection along Beaver Brook, a tributary
of the Connecticut River at and in the vicinity of
Keene, New Hampshire.

The report is confined to consideration of the flood and related
problems on Beaver Brock at Keene, New Hampshire. A report
covering other areas of the Connecticut River basin will be
submitted later.

2. Basin description.--Beaver Brook is a small tributary
of the Ashuelot River in the Connecticut River basin and drains an
area of about 10 square miles at Keene, New Hampshire. The
brook flows southward through Keene, joining another tributary
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called The Branch, which then discharges within a few hundred feet
into the Ashuelot River. Beaver Brook drains parts of the city of
Keene and the towns of Gilsum and Sullivan.

3. Economic developments.--The population of the city of
Keene, estimated at 18,000 in 1962, is expected to reach 20,000 by
1970. Keene is the market center of a large farming area, and for
many years has been a commercial and industrial center for Cheshire
County and the western portion of central New Hampshire. Review
of statisties for manufactures, retail trade, and population indicates
that the city of Keene has accompanied Cheshire County and the
State in a steady economic growth over the past three decades.
Older industries have held their own or have been replaced by new
enterprises. Machine tool and wood products industries have ex-
panded; electronics and plastic plants have moved into the area.
Commercial establishments have participated in this growth. The
Keene area is served by a network of highways and secondary roads.
The main line of the Boston and Maine Railroad and seven trucking
lines with four major terminals in Keene provide freight service.

4, Existing improvements.--There are no existing Corps of
Engineers or other flood control projects in the Beaver Brook water-
shed. However, there are two completed flood control projects inthe
Ashuelot River basin which affect flood stages in the downstream por-
tion of the Beaver Brook watershed: Surry Mountain Dam and Reser-
voir, on the Ashuelot River, and Otter Brook Dam and Reservoir on
Otter Brook. In addition, the authorized (but inactive) Honey Hill
Dam and Reservoir project is located on the South Branch of the
Ashuelot River south of Keene.

5. TFloods and damages.--Flooding on Beaver Brook has been
a recurring problem since earliest times. In recent years, eight
damaging floods have occurred on Beaver Brook. Under present
conditions, a recurrence of the September 1938 flood of record would
cause damages in excess of §1,875,000 in the area influenced by
Beaver Brook, even with operation of existing reservoirs for flood
control. Average annual losses in the reaches of the basin below
the proposed Beaver Brook damsite, modified by existing reservoirs,
are estimated at $145,000.
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6. Improvements desired,--Local interests desire flood
protection measures as well as a permanent recreation pool that
could be converted later to water supply for the city of Keene. The
recommended plan would provxde these features. State and local
officials and residents of the area have expressed their concurrence
with the plan at several meetlngs and are willing to cooperate in
the improvement. :

7. Plan of imprcwemgnt -~The Division Engineer finds that a
plan of improvement for flood control and allied purposes is econom-
ically justified. His proposed plan censists of a multipurpose dam
and reservoir on Beaver Brook providmg flood control storage, a
permanent pool for recreation including fish and wildlife conservation,
and minimum provisions for future water supply. The principal con-
struction features include a rolled earthfill dam, a concrete chute-
type spillway, uncontrolled outlet works, highway relocation, water
supply intakes, and a water control structure.

_ 8. Economic evaluation.--Using 1966 price levels, the
Division Engineer estimates the cost of the proposed plan of im-
provement at $1,377,000 for construction, exclusive of preauthor-
ization study costs. Of this amount, $819,500 is the net Federal
construction cost and $557,500 is the non~Federal cost. Annual
costs for operation, maintenance, and major replacements are
estimated at $12,600. Project costs have been allocated to the
purposes of flood control, recreation, and water supply. A sum-
mary of economic data follows: .

Allocated . Annual Annual Benefit—
Purpose first cost charges benefits cost ratio
Flood control $ .599,000  $23,300 $113,600 4.9
Recreation = - 464,000 . 22,300 32,000 1.4
Water supply _ 314,000 __12,100 20,100 1.7
Total $1,377,000  $57,700  $165,700 2.9
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Interest and amortization charges are based on an interest rate of
3-1/8 percent and an evaluation period of 100 years. The Division
Engineer recommends authorization of the Beaver Brook Dam and
Reservoir project as set forth in his report, subject to certain
conditions of local cooperation.

9. Public notice,--The Divisicn Engineer issued a public
notice stating his earlier recommendations and affording interested
parties an opportunity to present additional information to the Board.
No communications were received. Subsequently, his report was
revised to require additional local cooperation which has been
generally agreed to by local authorities.

Views and Recommendations of the Board of Engineers for Rivers and Harbors.

10. Views.--The Board of Engineers for Rivers and Harbors
concurs in general in the views and recommendations of the Division
Engineer. The proposed project is adequate for the planned purposes
and is economically justified,

11. The Board notes that the major part of the flood damages
prevented by the project would occur in the city of Keene, and are
local in character; thus, the requirement of local cooperation spec-
ified by the Flood Control Act of 1936 for local protection projects
should apply. The Board concludes that the proposed requirements
of local cooperation are appropriate.

12. Recommendations.--Accordingly, the Board recommends the
construction of a dam and reservoir on Beaver Brook, in the city of
Keene, New Hampshire, for flood control, recreation, fish and wild-
life conservation, and future water supply, generally in accordance
with the plan of the Division Engineer, and with such modifications
thereof as in the discretion of the Chief of Engineers may be advis-
able, at an estimated first cost of $1,377,000: Provided that prior
to construction local interests furnish assurances satisfactory to
the Secretary of the Army that they will:

a. In accordance with the Federal Water Project
Recreation Act:;
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‘ required by the Chief of Engineers, the final allocation of cost
. to be made after the actual costs have been determined;
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,(/l’)ﬂ’ Administer project land and water areas for
recreation and fish and wildlife enhancement;

(2) Pay, contribute in kind, or repay (which may
be through user fees) with interest, one-half of the separable cost
of the project allocated to recreation and fish and wildlife enhance-
ment, an amount currently estimated at $51,500, of which $48,000
is for general recreation and $3,500 for fish and wildlife enhancement;

(3) Bear all costs of operation, maintenance and
replacement of Jands and facilities for recreation and fish and wild-
life' enhancement, an amount currently estimated at $5,400 annually;

b. Repay all costs allocated to water supply, in accord-
ance with the Water Supply Act of 1958, as amended, presently esti-
mated at $314, 000 for construction and $1 800 annually for operation,
maintenance, and replacements, ) :

c. Contr1bute‘\13 9 percent of the total project cost,
representing the cost of lands easements, rights-of-way,; and
relocations allocated to flood control an amount presently esti-

of operation mamtenance “and replacements for flood control”™ f

" estimated at $3,700 annually: Provided that, if in cash, such 'g

\ contribution may be paid either in a lump sum prior to commence-
ment of construction or in installments prior to commencement of
| pertinent items, in accordance with construction schedules as i

d. Hold and save the United States free from damages
due to the constmction works;

e. Protect channels downstream from the reservoir from
encroachment which would adversely affect reservoir operation;

f. Exercise to the full extent of their legal capability,
control against removal of water in the watershed which will affect
the reservoir's water supply storage and the development of dependable
stream regulations; and
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g. Obtain water rights- needed for storage and use of
water, resolve any conflicts in water rights necessary {o assure
effective operation of the project, and use water in a manner
consistent with Federal and State laws.

' [

13. The Board further recommends that ,[ following authoriza-
tion of the project, detailed site investigation and design be made
for the purpose of accurately defining the project lands required;
that subsequently, ‘advance acquisition be made of such title to
such lands as may be required to preserve the site against incom-
patible developments; and that the Chief of Engineers be authorized
to participate in the construction or reconstruction of transportation
and utility facilities in advance of project construction, as required
to preserve such areas from encroachment and avoid increased costs
for relocations, -

14, The ultimate net cost to the United States after repay-
ment of the non-Federal share of costs apportioned to flood control,
recreation and fish and wildlife, and water supply is estimated at
'$819,500 for construction and $1 700 annually for operation,
maintenance, and major replacements.

FOR THE BOARD:

. R. G. MacDONNELL
Major General, USA
Chairman
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SYLLABUS

The Division Engineer finds that there is need for modification:
of the existing plan for flood control in the Connecticut River Basin,
in order to insure the stability of present development, the security
and health of the inhabitants, and the preservation and growvth of
existing economic values. He finds that Beaver Brook causes extensive
damages along its watercourse into and through the city of Keene, New
Hampshire. He concludes that flood control measures are necessary and
warranted. He also finds need in the Beaver Brook watershed to provide
storage for future municipal water supply and that, in view of local.
desires, the storage may be utilized in the interim reriod to satisfy
immediate needs for the preservation and development of recreation in-
cluding fish and wildlife resources.

The Division Engineer recommends that the authorized plan for
flood control in the Connecticut River Basin be modified to provide -
for the construction of & multiple-purpose dam and reservoir on Beaver
Brook in Keene, New Hampshire, providing storage for flood control,
general recreation, fish and wildlife conservation, and future water
supply, at an estimated total first cost of $1,377,000.

He further recommends that, prior to initiation of construction
of the Beaver Brook Dam and Reservoir, non-Federal interests give as-
surances satisfactory to the Secretary of the Army that they will:

1. Provide without cost to the United States, all lands, ease-
ments, and rights-of-way necessary for the construction and operation
of the project, currently estimated at $176,000;

2. Hold and save the United States free from damages due to the
construction works; :

3. Maintain and operate all the works after completion in accord-
ance with regulations prescribed by the Secretary of the Army;

k. Provide without cost to the United States all alterations, re-
placements and relocations of existing utilitles and highways currently
estimated at $226,000; .

5. In accordance with the Federal Water Project Recreation Act,
Public Law 89-72; .

a. Administer project land and water areas for recreation
and fi{sh and wildlife enhancement; :
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b. Pay, contribute in kind, or repay (which may be through
user feesg) with interest, one-half of the separable cost of the project
allocated to recreation and fish and wildlife enhancement, an amount
currently estimated at $51,500; ' . : -

€. Bear all costs of operation, maintenance and replacement
of lands and facilitlies for recreation and fish and wildlife enhance-
ment, an amount currently estimated at $7,100 on an average annual
basis, Provided, that the sizing and responsibility for development,
operation, maintenance, and replacement of the recreation and fish
and wildlife enhancement features of the reservoir may be modified
in accordance with the alternatives provided in the Water Project
Recroation Act, depending upon the intentions of non-Federal interests
regarding participation in the costs of these features at the time of
reservolr construction and subsequent thereto, and that appropriate
adjustments reflecting such modifications may -be made in the alloca-
tion of costs to other project purposes, : '

6, Prior to construction of the water supply features, agres
in accord with the Water Supply Act of 1958, as amended, to: :

a, Reimburse the United States that portion of the construc-
tion costs allocated to future water supply, amounting to $104,000.
This reimbursement shall be made within the life of the project, but
in no event shall the repayment period exceed S0 years after the
project is first used for water supply purposes, except that no pay-
ment need be made on this amount or interest charged thereon until
storage is first used for water supply purposes, but in no event
shall the interest-free period exceed 10 yearss

b, Assume full responsibility and bear all costs of opera-
tion, maintenance and replacement of the project features presently
included for future water supply. At such time as the reservoir is
utilized for water supply, assume cost of operation, maintenance and
replacement allocated to water supply. '

7. CObtain water rights necessary for the use of stored water
for water supply purposes and hold the Government harmless from lia-
bility for or on account of any claim for damages which may be made
or asserted as the result of the storage and withdrawal of water by
the user, Use of the water shall be in a manner consistent with
Federal and State laws;

8. Protect Beaver Brook channels downstream from the dam from
encroachments which would adversely affect reservoir operation; and,

C
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9. Exercise to the full extent of their legal capabllity, con-
trol against removal of water in the watershed which will affect the
reservoir's water supply storage and the development of dependable
stream regulations. )

The ultimate FPederal first cost for the Beaver Brook multiple~
purpose dam and reservoir, exclusive of pre-authorization costs, is
currently estimated at $319,500; the non-Federal first cost is esti-
mated at $557,500,  The Federal appropriation requirement is
presently estimated at $975,000 including reimbursable costs of
$10l,000 and $51,500 for water supply and recreation, respectively.

Net average annual costs for operation, maintenance and major replace-
:entg which are items of local responsibility, are estimated at .
12,600.

3 R 3/6/67
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DEPARTMENT OF THE ARMY
New England Division, Corps of Engineers
42l Trapelo Road
Waltham, Mass. 0215k

NEDED-D 5 December 1966

SUBJECT: Interim Report on Review of Survey for Flood Control and
Allied Purposes, Connecticut River Basin, Beaver Brook Dam
and Reservoir, Keene, New Hampshire

TO: Chief of Engineers
: ATTN: ENGCW-FD

SECTION I - AUTHORITY
1. AUTHORIZING RESOLUTION

This report is submitted pursuant to authority contained in Resc-
lution by the Committee on Public Works of the United States Senste,
adopted 3 October 1960, which reads in part as follows:

"Phet the Board of Engineers for Rivers and Harbors,
vess.s.be, and is heredy, requested to review the reports
of the Chief of Engineers on the Connecticut River Basin,
Vermont, New Hempshire, Massachusetts and Connecticut,
published as House Document Numbered 455, Seventy-fifth
Congress, second session, with a view to determining
whether the recommendations contained therein should be
modified in any way at the present time, with particular
reference to providing flood protection along Beaver
Brook, & tributary of the Connecticut River at and in
the vicinity of Keene, New Hampshire."

2. ASSIGNMENT OF STUDY
In letter dated October 3, 1960, the Chairman of the Commitiee
on Public Works of the United States Senate, referred the foregoing
Senate Resolution to the Chief of Engineers for appropriate action.
SECTION II - SCOPE
3. SCOPE OF REPORT

This interim report of survey scope comprises a review of the
flood problems caused by Beaver Brook in Keene, New Hampshire as well



a8 1ts effect upon the downstream comminities along the Ashuelot
and Connecticut Rivers. Flood problems and solutions considered
for the remainder of the Connecticut River Basin will be included
in the comprehensive investigation now underway.

k. SCOPE OF STUDIES

a. Surveys and Studies. - U. 5. Geological Survey maps, local
maps and plane table topographic surveys of the project area were
used in the study. Subsurface investigations consisted of field
reconnalssance by geologists and soils engineers and subsurface ex~
" plorations at the potential dam site by means of drive sample borings.
Flood damage surveys consisted of field examinations of the project
area and personal interviews with municipal officials, officers of
industrial and commercial concerns, and private individuals exper-
lencing losses. In addition, surveys of experienced flood damages
on the Ashuelot and Connecticut Rivers made after the flood of Sep-
tember 1938, were reviewed. Office studies consisted of hydrologic
and hydraulic analyses and estimates of gquantities and costs of major
items of conatruction, highway and utility relocations and real estate
required for the project.

b. Congultations with Interested Parties. - A-public hearing was
held in Keene, New Hampshire, on 7 February 1962, at which time local
interests requested that measures be taken to alleviate the flood
problems in Keene resulting from flood flows in Beaver Brook. A di-
gest of the public hearing is given in Attachment I of this report.
On 21 April 1966, the Keene City Councll adopted a resolution Approv-
ing a multiple-purpose dam and reservoir on Beaver Brook in Keene,
New Hampshire to include flood control, recreational features and
future water supply. Several meetings have been held with other in-
terested Federal agencies, State and local officials, and with private
individuals.

c. Field Reconnaissance. Field reconnaissance of the problem
area has been made by the Division Engineer and his representatives.

SECTION III - PRIOR REPORTS
5. PRIOR REPORTS

There are no prior reports concerning flood control measures on
Beaver Brook in Keene, New Hampshire. Flood control in the Connecti-
cut River Basin has been considered in the reports noted in the follow- .
ing paragraphs.

6. PUBLISHED REPORTS

a. 308" Report. - A report dated 28 February 1935 and printed as
House Document No. 412, Thth Congress, 2nd Session, considered the




needs for navigation, water power and flood control on the Connecticut

River and its tributaries. The report recommended an initial plan for

£lood control consisting of 10 reservoirs located in New Hampshire and

Vermont. The plan was authorized by Public No. 738, Thth Congress, ap-
proved June 22, 1936, as amended by Public No. 111, 75th Congrese, ap-

proved May 25, 1937.

b. 1937 Report. - A survey report dated 20 March 1937 and printed
as House Document No. 455, TSth Congress, 2nd Session, reviewed previous
reports on flood control for the Connecticut River Besin. The report
proposed a revised comprehensive plan for flood control consisting of
20 reservoirs including Surry Mountain, and dikes at 7 localities. The
report recommended that the authorization for additional reservolrs be
deferred and that the authorized project be modified to provide for the

protection of T cities by dikes and related works.

c. NENYIAC Report. - Flood control and allied water uses were also
coneidered in Part 2, Chapter XXI, "Connecticut River Basin,” of The
Resources of the New England-New York Region. This comprehensive re-
port inventoried the resources of the New England-New York area and
contained a master plan to be used as a gulde for the regional planning,
development, conservation and use of land, water and related resources
of the region. Prepared by the New England and New York Inter-Agency
Committee, the report was submitted to the President of the United
States by the Secretary of the Army on 27 April 1956, Part 1 and Chapter
I of Part 2 are printed as Senate Document No. 1k, 85th Congress, lst
Sesslon. (

7. OTHER STUDIES UNDERWAY

A comprehensive investigation of the water and related land resources
of the Connecticut River Basin is presently underway. This study, when
completed, will fulfill completely the requirements of the authorizing
resolution for the subject study.

SECTION IV - DESCRIPTION
8. LOCATION AND EXTENT

The City of Keene is situated on the Ashuelot River, a tributary of
the Connecticut River, and is located in Cheshire County in the south-
western part of New Hampshire, about 14 miles north of the Massachusetts
border. The City comprises 37 square miles of land area located about
85 miles northwest of Boston, Messachusetts, and 54 miles southwest of

Concord, New Hampshire. The Beaver Brook watershed is located in the

City of Keene and in the townships of Gilsum and Sullivan. The water-
shed area of 10 square miles is rectangular in shape with a length of
about 7 miles and a width of about 1-1/2 miles. The Beaver Brook dam

site is on Beaver Brook approximately 2.5 miles north of the center of
A



Keene and about 1,100 feet upastream from the intersection of New
Hampshire State Highway Rowte $ and Beaver Brook. Six square miles
of the watershed drainage area lie upstream from the dam site. Plate
No. 1 shows the relative location of the project dam and reservolir,

9. TOPOGRAPHY

The topography of the Beaver Brook watershed area is characterized
by rounded hills and relatively steep-sided valleys. From the New
Hampshire State Highway Route 9 crossing of the brook southward to
Keene, the stream descends fairly rapidly through a narrow part of
the valley where it leaves the uplands and flows through the lowlands
of Keene into a flat plain and joins The Branch. Above the Route 9
crossing, the valley widens somevwhat and becomes open, containing a
small pond and flat marshy areas. The hillsides are second growth
woodland and brush. Elevations range from 773 feet above mean cesa
level, at the project dam site, to about 1,570 feet on the top of
Spaulding Hill in the northeast corner of the watershed, a differ-
ence of about 800 feet. The area is sparsely settled.

10. GEOLOGY

The valley of Beaver Brook is physiographically located within
the New England Upland in a maturely dissected region of moderately
high relief. Glacial till generally blankets the bedrock surface
and the area has been molded into' low hill features known as drumlins.
The till in the lower sides of the valley of Beaver Brook is overlain
by remnants of gravelly terraces. The bedrocks of the region are
principally Devonian in age and largely consist of granite and gneics.
Mica schist of the Littleton Formation narrowly fingers between these
rocks along the valley of Béaver Brook.

1l. STREAM CHARACTERISTICS

a. Ashuelot River. -~ The Ashuelot River in the Connecticut
River Basin drains an area of 421 square miles at its confluence
with the Connecticut River near Hinsdale, New Hampshire. Generslly,
the watershed is hilly with low mountains in the headwaters and s few
natural lakes and ponds are alsc found in the area. The river has s
total fall of 1,475 Peet in its length of 64 miles, but much of this
drop is concentrated near the headwaters. The two main tributaries
of the Ashuelot River are The Branch and the South Branch. The Branch,
entering the Ashuelot River just below Keene, about 26.5 miles upstream
from the mouth, is formed by the confluence of Minnewawn Brook and
Otter Brook. The South Branch Joins the Ashuelot River just above
Swanzey Station, about 23.5 miles upstream from the mouth. The Ashuelot
River and its two main tributaries and Beaver Brook converge in a flood
Prlain just below the City of Keene. The portion of the Ashuelot River
between the Faulkner and Colony Company Dam in Keene and the Dickinson
Dam in West Swanzey 1s referred to as the Keene Flood Plain.




b. Beaver Brook. Beaver Brook, with a total dralnage area
of 10 square miles, 1s a tributary of the Ashuelot River in the Con-
necticut River Basin. The brook flows southward into and through
_ the City of Keene falling rapidly to the flood plain where it joins
the Branch within 500 feet of its confluence with the’ Ashuelot River.
The brook has basically & single stream pattern with ghort side
tributaries flowing from Bingham Hill State Forest and the eastern
slopes of Webster Hill in the township of Gilsum, and from the south-
western slopes of Spaulding Hill in the townships of Sullivan and
Gilsum. Although Beaver Brook falls nearly 1,000 feet in a distance
of about 8 miles, the lower 2 miles and the portion in the vicinity
of the proposed reservoir are relatively flat. Immediately downstream
from the dam site, the channel is fairly steep until it reaches the
flood plain.

12. AREA MAPS

The Ashuelot River and its watershed including Beaver Brook is
shown on standard quadrangle sheets of the U. S. Geological Survey
Maps to a scale of 1:62,500 with 20-foot contour intervels. A mep
of the upper part of the Beaver Brook watershed is shown on Plate
No. 1.

SECTION V - ECONOMIC DEVELOPMENT
" 13. POPULATION

The Clty of Keene and the 15 towns within the Asghuelot River
Watershed experienced a population growth of 11% between 1940
(25,300) and 1950 (28,200), and another 11% between 1950 and 1960
(31,500). The City of Keene, comprising 50% of the population in
the watershed, and the adjoining town of Swanzey, comprising 10%
of the population, have experienced 80% of this growth. Keene was
first settled in 1736, although it was abandoned for a time in 17l
because of Indian raids. The town charter was granted in 1753. The
City of Keene was established by the New Hampshire legislature in
1865, and the charter officially adopted by the community in 187k,
The population, estimated at 18,000 in 1962, is expected to reach
20,000 by 1970. Property valuation is presently assessed at
$63,000,000. Keene is the market center of a large area with im-
portant farming activities and with an expanding and diversified
industrial capacity. Founded in 1909, and located in the city, is
Keene Teachers College with an enrollment of 700 students.

14, TRANSPORTATION

The Keene area i1s served by a network of highways. Within its
37 square miles, it has more than 100 miles of streets and roads.



The three principal routes are State Highways No. 9, 10 and 12. The
main line of the Boston and Maine Railroad and seven trucking lines
with four mejor terminals in Keene provide freight service. Three

bug lines and a commerclal airport provide passenger service o the
clty.

15. MANUFACTURING

In a recent study of economic development in sub-state areas of
the New England States, the counties of Cheshire and Sullivan ware
found to have a higher proportion of total employment engaged in manu-
facturing activity then other New Hampshire subareas. Keene's growing
industrial facilities employ 7,300 people and include some 40 indus-
tries of broadly diversified types. These include furniture, optical
goods, shoes, printing, textiles, chemicals, food products, precision
instruments and machine tools. The Keene Regional Industrisal Founda-
tion, set up by city businessmen within the last decade, has played
en important part in the city's industrial growth. New industries
have moved into the area and existing establishments have increased
their facilities.

Considerable industrial aetivity ls also found downstream from
Keene on the Ashuelot River in the communities of Swanzey, Winchester
and Hinsdale. Twenty-one firme are located within the 3 communities
and over 1300 people are employed by these establishments. Manufac-
tured items include furniture, serew machine parts, textiles (woolen),
leather goods, trailers, wood products, tissue and paper commodities.

16. NATURAL RESOURCES.

Mineral resources of the Keene area include feldspar, beryl,
mica, granite, sand and gravel. Second growth lumber is available,
both hard and soft woods. .

17. WATER SUPPLY

The existing water supply system for the City of Keene is munici-
pally owned and is.capable of supplying 5.9 mgd with.2.9 mgd supplied
from Babbidge Reservolir.sugmented by .Woodward. Pond and 3.0 mgd from- s
well field in West-Keene. Flans are currently underway to add an addi~
_ tional well to the system increasing.their. -Jpresent wateér supply to.at-.
least 7.0 mgd. With an increasing population and continuing industrial
expansion, Keene is fast approaching the point where demand will exceed
the minimum yleld of a dry year. Keene is founded on the site of a lake
bed so that much of it is underlain by lake-bottom silt unsuitable for
any major ground well system.



18. RECREATION

a. Genersl., - Keene is located in the Monadnock Region of New
Hampshire, an area known for scenic beauty and tourism. Many tourists
and vacationers visit the area annuslly for both summer and winter
sports with Keene serving as & shopping center for the visiting popu-
lation. Recreation areas, natural and developed, constitute an impor-
tant rescurce to the City of Keene. Existing recreation areas are
heavily used and facilities are inadequate to meet present and future
demands.

v. Fish and Wildlife., - The lands and waters of Beaver Brook
support moderate quelity fish and wildlife resources which are pre-
dominantly aseociated with a 25-acre wetland within the lower reaches
of the proposed reservoir. Beaver Brook, upstream from the project
area, has been occaslonally stocked with trout. The principal fish
species are chain pickerel and brown bullhead. The 25-acre wetland,
most of which is the bed of an old shallow mill pond, maintains a
small breeding population of wood and black ducks which generate the
mejor hunting interest. Grouse, woodcock, hare, and deer utilize the
project area and contribute to the diversity of hunting opportunity.
Fur animals such as muskrat, mink, otter, and beaver, though precent,
constitute a resource of minor value.

SECTION VI - WEATHER AND FLOODS
19. CLIMATOLOGY

The Ashuelot River watershed has a variable climate, character-
ized by frequent but generally short periods of heavy precipitation.
Winters are moderately severe, with sub-zero temperatures rather com-
mon and summers are warm with extreme highs close to 1000 F. The
mean annual precipitation at Keene is 38.7 inches. The greatest an-
nual precipitation recorded was 51.2 inches in 1951, and the least
annual amount was 27.1 inches, recorded in 1894. The average annual
snowfall for 66 years of record is 62.3 inches. Generally, the snow
cover is at a maximum about the middle of March.

20. STREAMFLOW

The U. S. Geological Survey has published records of river stages
and streamflows at five locations in the Ashuelot River watershed for
various periods from 1907 through 1963. There is no published record
of streamflow on Beaver Brook. However, a temporary recording gage
has been in operation on Beaver Brook since October 1962. This gage
records the runoff from a drainage area of 8.25 square miles.



21l. RUNOFF

Runoff records for neighboring Otter Brook are considered the
most represe.itative for flows on Beaver Brook. The annual runoff for
4O years of record through September 1963 at the Otter Brook gage
varied from 12.63 inches to 32.93 inches, with a mean of 22.54 inches.
The mean annual runoff represente about 60 percent of mean annual
precipitetion.

22. FLOCDS OF RECORD

a. General. - Outstanding floods on the Ashuelot River result
from early spring storms combined with melting snow, such ag the fiood
of March 1936, or from summer or fall storms, such as the record flood
of September 1938. 1In addition, local thunderstorms can cause flash
floods on the tributaries.

b. Flood History. The Ashuelot River watershed has experienced
seven major floods in recent years. Pertinent data on these floods
are given in Teble B-8 of Appendix B. The largest flood of record
occurred in September 1938 when s hurricane passed over the watershed.
Rainfall accompenying this storm, combined with precipitation of the
previous three days, totaled more than 10 inches. The most recent
flood of April 1960 occurred when 3 to 4 inches of rain fell on snow
with a high water content. A review of the record of the City of
Keene reveals that flooding on Beaver Brook has been a recurring
problem since the earliest times. Periodically, at five to ten-year
intervals since 1813, the brook has flooded extensive ‘areas in Keene.

23. FLOOD CHARACTERISTICS

The more critical floods in the area develop from rainfall alone,
where the intensity of the rainfall rather than the volume may deter-
mine the magnitude of the peak flows. The quick development of floods
is due to the short, steep tributaries and hillside slopes which empty
into the main channel almost concurreéntly. In the lower reaches of
Beaver Brook in Keene, water surface elevations have been affected by
flood stages in the Ashuelot River and by constrictions in the brook
channel, as well as by total runoff within the drainage area. With a
high degree of control of the Ashuelot River provided by Surry Mountain
and Otter Brook Dams, flood stages in the Ashuelot River will be less:
critical than in the past. The problems of chennel capacity in Beaver
Brook, however, have continued to affect water levels and drainage to
Keene, and it is anticipated that another major storm in the watershed,
without flood control on the brook itself, would cause extensive flood-
Ing to industrial, commercial and residential areas of the City.



SEPTEMBER 1938 FLOOD-ON BEAVER BROOK

Flood scene along ¢ Beaver Brook
between Beaver and Roxbury Streets

Beaver Brook at Main Street



SEPTEMBER 1938 FLOOD-ON BEAVER BROOK

Church Street - from Valley Street -
Looking west.

Water Street - looking west



2k. STANDARD FROJECT FLOOD

A standard project flood on Beaver Brook was developed to test
the effectiveness of the proposed reservoir, and as a basis for the
design of alternative methods of flood control. It was derived by
using & standard project storm and the unit hydrograph developed
from an analysis of floods of record. The peak inflow, as developed,
is 4,500 cubic feet per second, equivalent to 750 cublc feet per
second per square mile of drainage area.

25. MAXIMUM PROBABLE FLOOD

The spillway desig: flood inflow for Beaver Brook Reservoir was
developed from the probeble maximum precipitation and the adopted
unit hydrograph. The peak inflow, as developed, is 10,000 c.f.s.,
equivalent to sbout 1,670 csm.

SECTION VII - EXTENT AND CHARACTER OF FLOODED AREA
26. GENERAL

The Ashuelot River has caused heavy flood losses since the first
development of ite flood plains. The flat basin in which it lies was
the bed of an ancient lake of the glacial area. The Ashuelot River
flowing through the basin is joingzd just below Keene by several small
tributaries, including Beaver Brook and Otter Brook, and by the South
Branch further downstream. This area forms a flood plain, with poor
natural drainage. In the major floods of 1936 and 1938, overflow and
backup of these streams flooded large areas, causing substantial losses
to industrial, residential and business propertles. The operation of
Surry Mountain Dam on the Ashuelot and Otter Brook Dam on Otter Brook
have substantially reduced flood stages on the Ashuelot, and the
authorized Honey Hill Dam on the South Branch, if bullt, would furnish
additional control. Still vulnerable, however, is the thickly settled
axca along the banks of Beaver Brook in Keene and the low-lying resi-
dential and commercial areas in Swanzey, Winchester and Hinsdale on
the Ashuelot River.

27. FLOOD PLAIN

Of the 63 industrial firms in the Ashuelot River Basin, 27 are
located in the flood plain. OFf these, 20 plants are located in the
Beaver Brook ares and employ 1,560 persons with an annual payroll of
$6,750,000. In the more recent flood of April 1960, some 60 acres
of the Beaver Brook flood plein were inundated to varying depths.
Residential areas east of the business district were cut off from



access by wheeled vehicles, and boats were used in the streets.
Storm and sanitary sewers backed up, causing nuisance flooding in
streets and yards above the high water level. The April 1960 flood
resulted in the formation of the Beaver Brook Association, which
petitioned the City Council for flood relief. A flood in October
1959 of the same peak flow as April 1960 caused nulssnce damage only
because of lesser volume and shorter duration. )

Downstream of Keene, the April 1960 flood caused only nuisance
flooding but flood stages of the magnitude of September 1938 or
March 1936 would cause losses at 6 manufacturing plants employing
approximately 1,000 people and would also affect numerous residen-
tlal properties in Swanzey, Winchester and Hinsdale and some commer -
cial development in Winchester.

SECTION VIII - FLOOD DAMAGES
28. EXPERIENCED LOSSES

&. Flood of September 1938. - The record flood of September
1938 caused demages in the Ashuelot River Basin amounting to
$1,138,000. The heaviest losses occurred in the densely-populated
areas along the banks of the Ashuelot River and Beaver Brook. Some
372 properties, including 347 homes, 15 commercial firms and 10 in-
dustrial plants, experienced losses along Beaver Brook amounting to
$218,000. '

, b. Flood of April 1960. - The flood of iApril 1960 caused dam-
ages estimated at $100,000 in Keene. Eleven industrial firms, -
seven commercial establishments and about 250 residences housing
approximately 40O families were affected by flooding of grounds

end cellars. The estimated damages do not include minicipal costs

such as cleaning up debris in the flooded area, oOr providing emer-
gency facllities, '

29. RECURRING LOSSES

Under conditions existing in 1965 without flood protection, it
is estimated that a recurrence of 1938 flood stages in the Ashuelct
River Basin would cause losses amounting to $5,450,000. Nearly
$3,845,000 of this amount would be experienced in the City of Keene
and would be distributed as follows: $3,120,000 along Beaver Brook
and the remainder on the Ashuelot River. BEven with the operation of
the existing projects at Surry Mountain and Otter Brook, losses
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APRIL 1960 FLOOD-ON BEAVER BROOK

Church Street at Guernsey Street,
l.ooking East
(Note boat at right of picture)

Beaver Street, looking south



amounting to $1,875,000 would be experienced within the zone in-
fluenced by Beaver Brook. Adding the authorized Honey Hill Dam to
the system would reduce this loss to $1,255,000. Tables A-II and
A-IIT in Appendix A show recurring and preventable losses by exist-
ing, authorized and recommended projects.

30. AVERAGE ANNUAL LOSSES

. Estimeted recurring losses were converted to average annual
logses as a basls for determining average annual benefits for use
in economic evaluation. The average annual loss in the Ashuelot
River Basin in the reaches below Beaver Brook Dam is $L462,300
without flood protection. Of this loss, $205,600 occurs on Beaver
Brook and the remasinder on the Ashuelot River below Surry Mountain
in Keene. Operation of the existing Surry Mountain and Otter
Brook Dame will reduce annusl losses on Beaver Brook to $93,800 -
and lossee on the Ashuelot River zones to $51,00C, resulting in =&
total annual loss of $144,800 under present conditions. The esti-
mate of annual losses has been derived in accordence with Corps of
Engineers' practice of correlating stage-damage, stage-discharge,
discharge-frequency, and damage-frequency relationships. Appendix
A contains detailed deseriptions of damege surveys, loss summaries,
and annual losses and benefits.

31. TRENDS OF DEVELOPMENT

Keene, New Hampshire has shown & steady economic growth for
the past 30 years. Trends, established by review of statistics
such as value of manufacture added, reteil sales, and population,
and availability of land within the flood plain, indicate that
flood losses will grow at the rate of 1.5 percent per year for the
next 20 years, before available lands are fully utilized. On en
equivalent basis, annual benefits for growth over the life of the
project would amount to $17,700 ($14,400 in the alternate system).
Since project construction is not expected to materially hasten
this growth, no enhancement benefits have been evaluated. Data
on economic trends in Keene are set forth in Appendix A.

SECTION IX - EXISTING AND AUTHORIZED CORPS
OF ENGINEERS' FLOOD CONTROL PROJECTS

32. GENERAL

There are no existing Corﬁs of Engineers' flood control proj-
ects in the Beaver Brook watershed. Completed and recommended

11



R
flood control projects in the Ashuelot River Basin which affect

flood stages in the downstream portion of the basin are discussed
below. .

33. COMPLETED PROJECTS

a&. Surry Mountain Dam and Reservoir. - Surry Mountain Dam,

- authorized by the Flood Control Act, approved 28 June 1938 (Public
‘Law T61, 75th Congress), is located on the Ashuelot River in the
Town of Surry, about 5 miles north of Keene, New Hampshire. The
reservoir has a flood control storage capacity of 31,300 acre-feet,
and recreation storage capacity of 1,300 acre~feet totaling 32,600
acre-feet, equivalent to 6.1 inches of runoff from the 100 square
mile dralnage area. Construction of the dam was initiated in
August 1939 and completed in June 1942. The estimated cost of new
work for the project is $2,225,900 for construction and $32k4,100
for lands and damages, a total of $2,550,000. Total costs of the
project to 30 June 194 are $2,380,450 for new work and $hhk,2hs
for maintenance. The average annual maintenance cost for the 5
years ending 30 June 1964 was $30,925. The project is complete
except for construction of additional recreation facilities,

b. Otter Brook Dam and Reservoir. Otter Brook Dam, auth-
orized by the Fiood Control Act, approved 3 September 195k (Pub-
lic Law 52, 83rd Congress), 1s located on Otter Brook on the
boundary between the City of Keene and the town of Roxbury, New
Hampshire. The dam is approximately 2.2 miles east of the center
Of Keene. The reservoir has flood control storage capacity of
17,600 acre-feet, and recreation storage capacity of 700 acre-feet
totaling 18,300 acre-feet, equivalent to 7.3 inches of runoff from
its drainage area of 47 square miles. Construction of dam and ap-
purtenant works was initiated in September 1956 and completed in
August 1958. The cost estimate for new work is $2,751,600 for
construction and $1,378,400 for lands and damages, including high-
way relocation, a total of $4,130,000. Total costs of the project
to 30 June 1964 are $4,050,662 for new work and $218,550 for main-
tenance. The average annual maintenance cost for the 5 years end-
ing 30 June 1964 was $39,886. The project is complete except for
construction of additional recreation facllities.

e¢. Flood Protective Works, Ashuelot River Below Keene, N. H. -
Snagging and clearing work on the Ashuelot River from the railroed
bridge in Keene to the covered bridge at Swanzey Station (22,800
feetggwas authorized by the Chief of Engineers on 20 August 1953
in accordance with Section 13 of the Flood Control Act of 1946
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SECTION XI - IMPROVEMENTS DESIRED
37. FLOOD CONTROL

In order to ascertain the views of those interested in flood cone-
trol and allied measures on Beaver Brook, a public hearing was held
in Keene, New Hampshire, on 7 February 1962, Since the public
hearing, several meetings sponsored and conducted by the City of
Keene were held with local interests regarding the Beaver Brook Dam
and Reservoir Project.

38, KEENE HEARING

The Keene public hearing was attended by asbout 250 persons
including representatives of Federel, Stete and Mmicipsl Govern-
ments, industrial and commercial interests, civic organizetions and
individuals concerned. Iocal interests expressed their interest in a
flood control dam on Beaver Brook and emphasized the need for flood
protection by clting demages, inconveniences and health hazards from
flooding, as well as emergency costs and depreciation of property
values, No opposition to the dam and reservoir plan was indicated.
Testimony and remarks were predominsntly in favor of flood comtrol
improvements in the Beaver Brook watershed. A digest of statements
and letters submitted at the hearing is given in Attachment I. '

39. RECREATION

A meeting wes held in Keene, New Hampshire on 22 March 1965,
ettended by State and local officials and local news media, The pur-
pose of the meetling was to introduce and outline +to loeal interests the
then proposed Water Projects Recreation Act, Public Law 89-72, By
. letter dated 2k March 1965, the City Manager of Keene expressed the
desire of local interesis to plan for comstruction of a multiple-purpose
project to inelude flood control and a permanent pool for recreation
which could also be utilized as & source of future water supply.

On 7 April 1965, e meeting was held at Keene, New Hampshire
to obtain the views of interested perties with respect to the multiple-
purpose dem and regervoir on Beaver Brook. Approximately L0 persons
were in atiendance, including State and local officials, Councilmen
of the City of Keene, members of the Beaver Brook Association, local
news media and other interested parties., On 15 April 1965, the
City Council adopted a Resolution approving a multiple-purpose
flood control dam and reservoir on Beaver Brook including recrea-
tional features. More recently, City Officials have confirmed
this decision by epproving & subsequent resolution deted 21 April 1966.

14
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4O . WATER SUPPLY

In a letter dated 20 March 1962, the City Menager of Keene re-
quested that a study be made of the possibility of including water
supply storage in the proposed Beaver Brook flood control reservolr,
Studies of the water supply needs and potentlal services of water
for the City of Keene, prepared by privete engineering consultants
and reported upon by the U. S, Public Health Service (now the Federal
Water Pollution Control Administration) in 1962 indicated that the
demand for water will ircrease on the average from about 3.5 mgd to 6
mgd within the next S50 years., In their 1966 report the Federal Water
Pollution Control Administration indicated thet the water supply
demand will average 7.1 mgd in the year 2010 with maximum daily
consumption approaching 131 mgd. Development of an additional source
of supply with & safe yield of 4.0 mgd (equivalent to 3,000 acre-
feet storage at damsite) appears highly desirsble, After comsidering
the effect on the Clty's finances and water rates, the City Council
adopted a Resolution on 21 February 1963, to approve the construction
of & flood control dam on Beaver Brook with minimum provisions for
future water supply consisting of a water supply conduit with gate
valve controls. More recently, on 21 April 1966, City officials
adopted & Resolution approving the construction of a maltiple-purpose
flood control dem and reservoir on Beaver Brook, including recreational
features and future weter supply.

SECTION XIT - FLOOD PROBLEMS, REIATED PROBLEMS,
AND SOLUTICNS CONSIDERED

41, FLOOD PROBLEMS

The City of Keene is susceptible to floods caused by rain, melting
snow, and a combination of both. The Ashuelot River, which flows
through the flood plain of Keene, is joined by a number of smaller
streams including Beaver Brook., The sluggish characteristics of the
Ashuelot River produced hy its low stream gradient and flat topography,
provides natural storage for floodwaters causing backwater conditions,
In the lower reaches of Beaver Brook, water surface elevations are
adversely affected by flood stages in the Ashuelot River, by constrictions
in the brook channel, and by total runoff within the drainasge area.
Although Surry Mountain flood control dsm on the Ashuelot River, and
Otter Brook flood control dam on Otter Brook, a tributary of the
Ashuelot River, control the flood discharges from about one-half the
aree. that drains into the flood plaln of Keene, high runoff from
Beaver Brook continues to reise water levels causing overbank flows.

On such occesions, industrial and commercial establishments suffer
heavy losses, cellars and streets in populated residential areas

are flooded, storm drains become almost completely inoperative and
health hazards result from backup of the sanitary sewers., In past

15



floods, raw sewage has been discharged into the streets when the
covers were forced off menholes. The eilty's one producing water
supply well has also been flooded, and high municipal costs resulted
from cleanup operations.

L2, SOIUTIONS CONSIDERED

Alternative methods of solving the flood problems were con-
sidered including local protection measures and channel inprovements,
diversion and relocation of Beaver Brook, modification of the dam
at West Swanzey on the Ashuelot River, channel lmprovement of the
Ashuelot River, flood plain zoning, and evacuation and resettlement.
local protection messures and chamnel lmrprovements on Beaver Eroock
were found to be lmpracticeble due to the extensive construction
costs involved through the developed area of the city. Diversion
and relocation of the brook were found to entail inordinately high
construction cogts., Modification of the dam et West Swanzey would
have little effect on flood stages in the Keene flood plain. Channel
dmprovement of the Askielot River was. found to be- enormously. expensive,
Evacuation of the flood plain was also rejected as impracticable due’
to the high value of improved real estate and municipal improvements.
Flood plain zoning is possible in limited areas, but impracticable in:
the intensely occupied areas of Keene, These alternstive methods are
described further in Appendix C, Construction of a flood control
«dam and reservoir on Beaver Brook was found.to provide the most
practical means of alleviating the flood prdblems.

43. REIATED WATER RESOURCE DEVELOPMENTS

a. General, - In the development of plans for a flood control
dam and reservoir on Beaver Brook, consideration was given to other
related water resource improvements thai may be affected by or co=
ordinated with the proposed works, such as hydroelectric power devel-
opment, water supply, abatement ¢f stream pollution and provision
of permanent pools in the reservoir for fish and wildlife conservation
and for recreation.

'b. Hydroelectric Power, - In view of the small drainage area
controlled and the absence of dependable flow and head, hydroelectric
power development would be impracticable.

c. Water Supply. - Studies by the Federal Water Pollution -
Control Administration (FWPCA) of water supply needs and potential
sources for Keene indicate that, by the year 2010, the average demand
will reach 7.1 mgd (million gallons per day), with maximum daily
consumption approasching 11.0 mgd. In 1965, the city's daily water
use averaged 3.2 mgd with maximum daily consumptions of over 5 mgd.
The FWPCA, in their letter dated 23 Juns 1966, point out that while
the safe yleld of the existing Keene system is 5.9 mgd, an additional
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future source of supply with a safe yield of at least 4,0 mgd is
highly desirable. An additional well is currently being plenned
by the City of Keene which would increase the safe yield of their
‘existing system to at least 7.0 mgd.  City officials recognize a
need for & future source of water supply and concur that provisions
for water supply storage in the multiple-purpose reservolr projec
is of substantial benefit to the City of Keene. , _

d. Streamflow Regulation for Quality Contrcl. - The U. S.
Department of Health, Education and Welfare has considered the need
for low-flow sugmentation for water quality control in Beaver Brook.
No water quality problems are anticipated between the site of the
proposed reservoir and the confluence of Beaver Brook and Ashuelot
River by egencies of the State of New Hampshire. Furthermore, the
contributory flows from the Beaver Brook watershed smount to less
‘than 3 percent of the flow in the Ashuelot River and are of limited
‘significance relative to quality control along the Ashuelot and the
Connecticut Rivers. : :

e, Fish and Wildlife Development. - The U, S. Fish and Wildlife
Service has indicated interest in the development of fish and wildlife
conservation within the proposed project. The construction of the
Beaver Brook Dem will create a 203-acre reservoir with suitable habi-
tat for predominantly warm-water fish species. Reservoir fishery re-
gources will consist primarily of chein pickerel, brown bullhead,
large mouth bass, and other sunfishes. Downstream from the dam, con-
ditions will not be sufficiently altered to create a significant fish-
ery. The 203-acre reservoir, although beneficial to fisheries, will
permanently inundate a 25-acre wetland area currently productive to
water fowl. An opportunity exists in the headwaters of the reservoir
to mitigate wildlife losses with a 50-acre pool which can be created

by construction of a water control structure. Further details are
" contained in Appendix E. :

f. Recreation. - With the continued trend to greater leisure
time svailable to participate in outdoor recreation, greater pressures .
are being brought upon existing public facilities throughout New England.
The construction of the Beaver Brook Dam and Reservolr provides an. ex-
cellent opportunity for the development of a permanent recreation pool
and facilities. The matter is discussed in detail in Appendix E.

SECTION XIII - PLAN OF IMPROVEMENT
Li, GENERAL
Consideration was given to including the water resource needs
for the Keene ares insofar as possible through full development of

the Beaver Brook site. In this connection, the considered multiple-
purpose deam and reservoir on Beaver Brook would include flood control,
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& permanent pool for recreational purposes, fish and wildlife con-
servation, and future water supply. The prinecipal features of
construction will consist of a‘:dam and reservoir, a concrete chute-
type apillway, gated but uncontrollied outlet works, relocation of
State Highway Route 10, water supply conduit and gate valves for
future use, and a water control structure in the upper reaches of
the reservoir. The site selected for the construction of the dam
is geologically and topographically suited for the proposed struc-
tures. General plans of the dam and appurtenant structures are
shown on Plate No. 2. A brief description of the project follows
with pertinent data swmarized in Table 1. S

45, BEAVER BROOK DAM AND RESERVOIR

The dam, at. full flood control pool elevation 822 feet, mean
sea level datum, will create a reservoir about 2.5 miles long with
8 surface area of approximately 310 acres, impounding a capacity of
5,750 acre-feet. A permanent pool for recreation and future water
supply meintained by the controlled outlet works at elevation 811.°
feet, mean sea level datum, will have a surface area of approximately
203 acres and a storage capacity of 3,000 acre-feet equivalent to 9.k
inches of runoff. The flood control storage provided is 2,750 acre-
feet equivalent to 8.6 inches of runoff from the total drainage area
of 6 square miles, The limits of the reservoir ag well a8 the drain-
age area are shown on Plate No. 1. The dam will be constructed of
compacted earth fills with rock slope protection on upstream and down-
stream slopes and will be approximately 950 feet long, 60 feet high at
the stream bed, with a top elevation of 833 feet, mean sea level datum,
The top of dam will be 20 feet wide and will provide for em access road
to the spillway. A chute-type spillway with a concrete ogee weir 100
feet long at crest elevation of 822, capsble of passing & peak diszcharge
of 6,000 cubic feet per second with & surcharge of 6,3 feet and 4.7
feet of freeboard between maximum water level and the top of dam, will
be constructed on rock in the west abutment of the dam. The outlet
works wlll consist of a cast-in-place rectangular conerete conduit 5
feet wide by 5 feet high, with gate control at the intake structure.
A gated 2h-inch pipe with a box inlet will be provided as a low flow
outlet and will also serve ag a draw-down inlet when necessary. A
gated overflow weir with stoplogs will be provided to maintain the

- permanent pool at elevation 811 feet, mean sea level. Flood discharges

will be automatic with no gate control. Details and section of the dam
are shown on Plate No. 2,

Construction of the project will require the relocation of about
2,6 miles of Route 10 presently located in the reservoir areas. The
final alignment of Route 10 will be determined through sgreement with
the State of New Hampshire. Utilities, consisting of telephone and
electric povwer lines elong Route 10 and Sulliven Road will alsc Dpe
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relocated, 1In addition, & 115 KV transmission line which crosses
the reservoir area gbout 1,200 feet upstream of the dam will be
relocated south of the dam site. The approximate location of the
relocated highway is shown on Plate No. 1. Provisions for future
water supply will consist of the construction of two intake pipe-
lines, two gate valve controls, and a 24" pipeline in the box con-
“duit outlet which will be plugged until such time as the water is
needed by the City of Keene.

The upstream water control structure will create a pool with

" & surface ares of approximately 50 acres at elevation 826 feet,

mean sesa level, impounding a capacity of sbout 175 acre-feet. The
pool will be maintained by an overflow box inlet structure and a
36-inch bituminous coated corrugated metsl pipe outlet which will
handle normal flows. The structure will be constructed of rolled
earth fill with a grassed top and slopes and would be approximately
430 feet long, 11 feet high at the streem bed, and a top width of
20 feet at elevation 828 feet, mean sea level datum. An 80-foot
grass spillway at elevation 826.5 feet mean sea level will be loca-
ted along the left bank of the structure to handle flood flows.

L6, REAL ESTATE REQUIREMENTS

The land and improvements to be acquired in fee for all water
resource project purposes is estimated at 730 acres. It consists
of an area bounded by the flood control pool at maximum surcharge
elevation 828 mean ses level and also includes those areas required

- for the construction of the dam, appurtenant structures, work and

borrow areas, and the relocation of Route 10. Details and estimates
of real estate costs are included in Appendix D.
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TABLE N0, 1 N}
PERTINENT DATA

BEAVER BROOK DAM AND RESERVOIR

Drainage Area . 6 square miles
Dam
Type Rolled earth fill with rock slope
protection
Top elevation 833 feet, m.s.l.
Top width ° 20 feet
Maximum height 60 feet
Length . 950 feet
Upstream slope 1 verticel on 3 horizontal
Downstream slope 1 vertical on 2.5 horizontal
Spillway |
Type Concrete oéee welr
Peek design flood inflow 10,000 c.f,s,
Peak design flood outflow 6,000 c.f.s.
Crest elevation 822 feet, m.s.1.
Crest length 100 feet
Surcharge 6.3 féet
Freeboard , : 4.7 feet

Outlet Works & Intake Structure

Outlet conduit Gated 5'x5' concrete box

Intake structure 15'x15'x45' high conerete structure
with overflow weir ‘
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Iow flow outlet 24" R.C. pipe

Water supply line 24" R.C, pipe (two level intake)
Sluice gates 51x5% and 2'x2!
Water supply geate valves 224"

Storage Capacities

Recreation and water supply 3,000 acre~feet
Flood control 2,750 acre=-feet
Total 5,750 acre«feet

Water Surface Elevations and Areas

Recreation and water supply

pool Elev, 811 =~ 203 acres
Flood control Elev. 822 - 310 acres
Maximum surcharge Elev. 828.3 = k10 acres

Stream Flow at Dam Site

Maximum recorded discharge 1800 c.f.s.
Average.discharge G co.fese
Storm of April 1960 40O c.f.s.
Storm of September 1938 1800 c.f.s.

Upstream Water Control Structure

Type Rolled esrth £i11 with grassed
top and slopes
Top elevation 828 feet, m.s.l.
Water surface elevation 826 feet, m.s.l. - 50 acres
and areas
Top width 20 feet
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Meximum height
Length

Upstream slope
Dovnstream glope
Storage capacity

Overflow and outlet works

Grass spillwey
Congtruction Period

Beaver Brook Project

11 feet

430 feet
1 vertical on 3 horizontal
1 vertical on 2,5 horizontal
175 acre=feet

Overflow box inlet structure and 36-inch
BCCM pipe

80 feet, 826.5 feet, m.s.l.

2 yeors
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%7. HYDROLOGIC AND HYDRAULIC CONSIDERATIONS

a. Genersl, - Hydrologic analyses of the major floods of
record were made to determine the discharge contributions of the
tributaries to flood peaks at the principel damage centers in order
to evaluate the flood characteristics and potentislities of the various
streams and the effectiveness of the proposed flood control projects.
The discharges on Beaver Brook were determined from drainage area
relationships with flows on Otter Brook and South Branch, while the
stages on the Ashuelot River were based on steady-flow conditions
related to the peak discharges et West Swanzey. Studies indicate that
flood stages in the lower reaches of Beaver Brook are a combination
of Ashuelot River stages and Beaver Brook discharges, and flood
stages in the upper reaches are a function only of Beaver Brook dis-

) charges.

b, Flood Frequencies. = For use in the economlc analysis,
discharge frequency curves were developed in accordance with pro-
cedures published in ER 1110-2-1450, "Hydrologic Frequency Esti-
mates", deted 10 October 1962, The dlscharge frequency curve for

“the Ashuelot River at West Swanzey was developed from the records

of the U.S.G.S. gaging station at Hinsdele adopting a skew coefficient
of 1.0, resulting in the flood of record having an annual chance of oce
currence of 1.25 percent, or an average recurrence interval of 80
years., The discharge frequency curve for Beaver Brook was derived
from correlations with gaging station records from the South Branch
(Ashuelot River) and Otter Brook adopting & skew coefficient of 1.0,
resulting in the flood of record having an anmual chance of occurence
of asbout 0.75 percent, or average recurrence intervel of 133 years.

¢. Standard Project Flood. - The standard project flood on
Beaver Brook, &s developed, has a pesk inflow of 4500 cubic feet per
second. ‘

d. Spiliway and Outlet Capacities., - The spillway design flood
inflow was developed from the probable meximum precipitation and the
adopted unit hydrograph resulting in a discharge pesk of 6,000 c.f.s.
and a surcharge of 6,3 feet. The outlet for purposes of flood control
operation, is comparable to an ungated detention structure. The
size and capacity of the conduit will be adequate (1) to pass normal
streem flows; (2) to reduce flood flows; (3) to permit evacuation of
the reservoir; (4) to pass a flood of considerable size during construc-
tion; (5) to inspect and maintein the conduit end water supply pipe.

48, EFFECT OF RESERVOIR REGULATION

The Beaver Brook Reservoir would act as an automatic deten-
tion basin since the sluice gate in the flood control outlet would be
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pre-set and locked, The reservoir would be regulated to provide a
high degree of protection from floods on Beaver Brook, It would heve
sufficient capacity to store the Standard Project Flood or a recurrence
of the September 1938 flood of record. It is estimated that steges in
the Roxbury-Church Street aree, situated about 1 mile from the
Ashuelot confluence, would be reduced 2 to 3 feet during minor and
moderate floods, Further downstream on Beaver Brook in the Keene

flood plain, stages are influenced by conditions in the Ashuelot River,
so that stage reductions are somewhat less, varying from 1 to 2 feet,

49, PROVISIONS AGAINST ENCROACHMENT

Iocal interests would be required to provide assurances that
stream encroachment lines will be established dowmstream from the
recommended dam to permit non-damaging releases and reasonably
efficient reservoir operation.

SECTION X1V - ESTIMATES OF FIRST COSTS AND
ANNUAL CHARGES

50. FIRST COSTS

Unit prices used in estimating construction and relocation costs
are based on average bid prices for similar work in the same general
region, adjusted to the 1966 price level, Valuations of property are
based on information from locel officials and reflect values in recent
sales in the area., All costs include an allowence for contingencies
vwhich has been carried as 15% in view of the extensive explorations
and survey topography which was obtained during earlier detailed .
project studies, Costs of englneering and design are based on knowl-
edge of the site and experience on similar projects. A summary of
first costs for the recommended plan is given in Table 2,

51, ANNUAL CHARGES

Average annual charges, also summarized in Table 2, are based
on interest rates of 3«1/8% for both Federal and non-Federal costs.
Investment costs are amortized over the 100-year assumed life of the .
project. Allowances are made for costs of maintenance and operation
and for interim replacement of equipment having an estimated 1ife of
less than 100 years. No allowance has been made for loss of taxes
on land in Gilsum and in Keene as it is expected that enhancement of
lands along the periphery of the proposed reservoir will offset any tex
loss on land to be imundated,
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TABLE 2

SUMMARY OF FIRST COSTS AND ANNUAL CHARGES /¢ x/07% ’é«?’f’ff

BEAVER BROOK DAM AND RESERVOIR
966 Price lLevel

First Costs
_— —Lands and Damages $ 176,000
= Relocations 180,000
- Reservoir Clearing 69,000
Dams 613,000
Roads 11,500
Recreation Facilities 82,000
-Engineering and Design _ 137,000(1)-
” “Supervision and Administration 108,500 -
TOTAL PROJECT FIRST COSTS $1,377,000 x1.07=
Annual Charges
' Interest and Amortization $ 15,100
Maintenance and Operation 11,400
Major Replacementis _ : 1,200
_ TOTAL ANNUAL CHARGES $ 57,700
\ (1) Does not include preauthorization costs of $L3,000.
\ 21
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SECTION XV - ESTIMATES OF BENEFITS N N’
52, FLOOD DAMAGE PREVENTION BENEFITS

The operation of Beaver Brook Dam and Reservoir would reduce
flood demages along Beaver Brook and the Ashuelot River downstream
of Keene. Annual benefits were derived along Beaver Brook by evalu-
ating the difference in annuel losses without flcod protection and
those remaining after project completion. On the lower reaches of
Beaver Brook affected by backwater and on the Ashuelot River, annual
benefite were computed for Beaver Brook Dam acting (1) next after the
existing Surry Mountein and Otter Brook Deam and (2) next after the
completed reservoirs and Honey Hill Dam on the South Branch (authorized
but not built). Averasge annual benefits attributable to the Beaver
Brook Project adjusted for the growth to ocecur over the next 20 years
amount to $113,600, acting next after the existing Surry Mountein and
Otter Brook Dams. 1In the alternate system, Beaver Brook acting next
after Surry Mountain, Otier Brook, and the authorized but inactive
Honey Hill Dam, annual benefits amount to $93,700.

53. RECREATION BENEFITS

Recrestion benefits expected to accrue from the proposed water
resource developments et Beaver Brook Dam were evaluated into two cate-
gories of general recreation end fishing. Under current New Hampshire
State policy, contact sports are not permitted in domestic water supply
reservoirs., Untll Beaver Brook reservoir is to be used for water supply
(estimated to be 20 years after project completion), full recreational
use would be permitted as discussed in Appendix E. '

a. General Recreation. - A survey of the recreational values of the
areas affected by the proposed reservoir was mede by Corps' persommel,
The estimated average annual general recreation benefit, exclusive of
,fishing, is $37,500. When the reservoir is utilized for water supply,
recrestional use would be limited to such activities as picnicking,
fishing, smell boating end hiking. General recreation benefits based
on the use of water supply at project year 20 amount to $29,800 snnually
as shown in Appendix E. Estimates are based on projected annual attend-
ance and use of the recreation facilities to be provided.

b, Fish and Wildlife, - A survey of the fish and wildlife values of =

the areas affected by the proposed projects was made by the U, S, Fish

and Wildlife Service. Benefits from Beaver Brook reservoir attributable

to enhancement of sport fishery resources were determined by comparing

the utilization of these resources expected to occur without the projects
and that expected to occur with the projects in operation. The total
estimated average annual benefits to fishery resources are $3,600. When
the reservoir is utilized for water supply, fishing would be limited

under current New Hampshire Stete policy. BRenefits to fishery resources
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based on the use of water supply at project year 20 amount to $2,200 an-
nually as shown in Appendix E. Detrimental effects of the wildlife re-
sources as produced by the development plan are expected to be mitigated
by inclusion of a small water control structure and pool which might in-
crease local waterfowl populations and attract other migrant waterfowl.
No dollar benefit has been included for the waterfowl resource. Facili-
ties would be provided to the extent justified by the damages prevented
as discussed in Appendix E.

sh, WATER SUPPLY BENEFITS

Table C-8, shown in Appendix C, outlines the method of determining
annual water supply benefits and the annual costs of an equivalent,
single-purpose water supply reservoir for cost allocation purposes, in
accordance with standard Corps practice. These benefits were measured
as the cost of obtaining the same quantity of water by the least costly
alternative means that would most likely be developed in the absence of
the Federal project. It is assumed that the reservoir would first be
utilized for water supply 20 years after project completion. The dis-
counted or average annual water supply benefits based on use of the ponl
from project year 20 to project year 100 (the assumed economic life of
the project) amount to $gg£lgg annually.,

S5. INTANGIBLE BENEFITS

Certain intangible benefits which are not susceptible to direct
monetary evaluation would be realized by the flood stage reduction
provided by the project. These would benefit the public welfare by
decreasing the threat to injury and loss of life. The stand-by po-
tential of a dependable supply of water afforded by Beaver Brook Dam
would promote an expansion of the industrial base in the area, In ad-
dition, the growth of the industrial base some of which is now located
in the flood plain would be attracted by the removal of the flood threat.

Although intangible benefits of Beaver Brook would be of consider-~
able magnitude, none have been evaluated for the purpose of this report.
Letters from about 60 members of the Beaver Brook Association submitted
at the Public Hearing were consistent in describing the extremely un-
sanitary conditions, the inconveniences and the interruption of facil-
jties associated with flooding in the Beaver Brook area. Such conditions
put increasing loads on the community, the costs of which are difficult
to assess. The tangible evidences of health and economic growth spring
from the intangible factors of confidence and optimism. These would be
among the results of a dam and reservoir on Beaver Brook.

56, SUMMARY OF BENEFITS

The total annual benefits creditable to the project for flood con-
trol and allied purposes are summarized in Table 3.
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Source of Benefit _
Flood Prevention
Recreation R

Géﬁnfdl o
Fishing

| Water Supply o ,

SECTION XVI - PROJECT FORMJLATION AND ECONOMIC JUSTIFICATION
ﬁ, ) . 'I- ) L .
57. GENERAL

The Beaver Brook multiple-purpose dam and regervoir, considered
herein, will provide a practicable and econtomic means for the develop-
- ment of the water resources potential of the Beaver Brook watershed,
Each of the purposes included in the project is sdequately justified.
The total first costs for the recommended multiple-purpose project,
including flood control, recreation, snd future water supply, is 5
estimated at $1,377,000, fThe average afitusl charges smount to $57,700
with average annual flcod prevention, recreation and water supply ben-
. efits amounting to $165,700 resulting in a benefit-cost ratio of 2,9

to 1. If the suthorized Honey Hill Dam were to be built first, snnual
flood control benefits for the Beaver Brook project would decrease
$19,900, resulting in a benefit-cost ratio of 2.5 to 1. Discussion
of project formulation and economic eanalysis ia included in Appendix C,

58, MAXIMIZATION OF NET BENEFITS

Maximization of net benefits for the flood comtrol storages and
water supply yields of the project is described in Appendix C. Benefits
sttributeble to recreation are evaluated in Appendix E. A total of 25
combinations of varying flood control storasges and water supply yields
were evaluated in order to determine the point at which net benefits
for the project were meximized, Costs, benefits and excess of benefits
over costs were derived for all 25 plens. . A graphic representation of
the analysis is shown on Plate No. 3, The various watér supply yleids
are plotted as functions of flood control storage vo, exceses benefits,
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The curves indicate that the point of maximization of net benefits

would be achieved with a reservoir containing approximately 8.6 inches

of flood control storage and water supply capable of yielding 4.0 million
gallons per day (mgd) and was selected. as the project to be recommended.
A 98 percent dependable sefe yield of 4.0 mgd will increase the existing
supply to meet the peak demand of 11.0 mgd in the year 2010 forecast in

the report of the Department of the Interjor, Federsl Water Pollution

Control Administration included as Exhibit No. F-12 of Appendix F.
Flood control storage of 2750 acre-feet will provide for 8.6 inches of
runoff and would effectively control the standard project flood.

' SECTION XVII - ALLOCATION AND APPORTIONMENT OF COSTS
59, . ALLOCATION OF COSTS AMONG PURPOSES

Allocation of costs of the recommended multiple-purpose dam and
reservolr to the purposes of flood contrel, water supply, and recreation
were made by the separable costs-remaining benefit method. The total
project cost is allocated aemong the three purposes in accordance with a
standard procedure which distributes project costs smong the purposes
served so that all purposes share equitebly in the gavings of multiple-
purpose construction., The cost allocated to each purpose is less than
the corresponding benefits and each purpose is allocated at least its
separable costs. Allocations among project purposes are as follows:

Purpose First Cost Annual Charges
_Flood Control _ $ 599,000 | - $23,300
Recreation L164,000 22,300
Future Water Supply 314,000 12,100

Total $1,377,000 - $57,700

60. APPORTIONMENT OF COSTS AMONG INTERESTS

a. Initiel Cost Apportionment. - Table 4 shows the apportionment
tc Federal and non-Federal interests of first costs, annual charges, and
annual operation, maintensnce and replacement costs based upon present
applicable laws and regulations governing cost-sharing practices. A
brief description of the basis for apportionment is given in the follow-
ing paragraphs:

(1) Flood Control. - Flood damage prevention benefits are
principelly reelized within the city of Keene., The project is therefore
considered a local protection project for which non-Federsl interests are
responsible for that portion of the costs of lands, dameges, and reloca-
tions allocated to flood control in asccordence with the 1936 Flood Control
Act, as amended, an amount currently estimated at $192,000,
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TABLE L

INITIAL COST APPORTIONMENT

N

f)‘ W & Federal
‘gfrst Costs
Flood Control
Lands & Damages $
Relocations '
Dam & Reservoir 407,000
Totals -~ Flood Control $407,000
43%0b°
Recreation
Lands & Damages $ 51,000
Relocations 65,0
Dam & Reservoir 245,000
Recreation Facilities 51,500
Totals - Recreation $1412,500
Water Supply
Lands & Damages 3
Relocations
Dam & Reservoir
Water Supply Features
Totals - Water Supply '$ 0
TOTAL FIRST COSTS $819,500
- 872000
Interest Oper. &
& Amort, Maint,
Annugl Charges '
Federsal
Flood Control $13,300 $ 0
Recreation 13,500 0
Water Supply 0 0
Total - Federal $26,800 $ 0
Non-Federal
Flood Control $ 6,300 $ 3,L00
Recreation - 1,700 6,600
Water Supply 10,300 1,100
Total - Non-Federal $18,300 $11,h00
TOTAL ANNUAL CHARGES $45,100 $11,400
30

~ A

Non-Federal Total
N
N |
$ eh’m\‘\‘ $ 81&,
108,000. 108,000
: h07,ooo
$192,000 $ 599,000
Do, 002 Lél } 008 .
$ $ 51,000
65,000 )
215,000
51,500 103,000
$ 51,500 $ L6000
5 ‘000 'y{m 00?
$ 141,000:. $ 11,000
200,000 _ 200,000
20,000 . 20,000 .
$31L,000 $ 314,000
38y, 00 % 34, 000
$557,500 $1,377,000
n'i;?i;"féi fedon 000
placement ) Total
$ 0 $ 13,300
Y 13,500
0 .0
$ 0 $ 26,800
\
g,ti‘;f;’é’“
$ 300 58 10,000
500 7.2 8,800
koo %7 12,100
(koo -
$ 1,200 $ 57,700
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(2) Recreation. - The Federal Water Project Recreation Act.
providea for & substantial level of Federal participation in the cost
of development for recreation and fish and wildlife enhancement at
projects such as the Beaver Brock Dam and Reservoir if non-Federal
interests agree to administer project land and water areas for these
purposes, bear not less than cne-half: of the separable project costs
allocated thereto, and bear all the costs of operation, maintenance,
and replacement of lands and facilities for recreation and fish and
wildlife enhancement. The Act includes provisions for adoption of
plans to reflect the intentions of non-Federal interests with respect

‘to participation in the cost of recreation and fish and wildlife en-

hencement activities at various stages of project planning and imple-
nentation,

On the basis of the Act, local interests would be required to:

(a) Administer project land and water areas for recrea-

tion and fish and wildlife enhancement;

(b) Pay, contribute in kind, or repey (which may be
through user fees) with interest, one~half of the separable cost of
the project allocated to recreation and fish and wildlife enhancement,
an emount currently estimated at $51,500; end

(¢) Bear all costs of operation, maintenance, and replace-
ment of lands and facilities for recreation and fish and wildlife. enhance-

" " ment en amount currently estimated at $7,100 on an average annual basis.

{(3) Future Water Supply. - In order to provide for the most
economical project, taking into account present and enticipated future
costs, intake water lines, gate valves and s water line located inside
the conduit outlet will be constructed coincidentel with initial con-
struction. These features have been included in the project at the
request ‘and for the benefit of the city of Keene and costs -apportioned
thereto sre considered & non-Federal responsibility end subject to
reimbursement at an estimated cost of $20,000.

ZY

COSts of the proposed project allocated to future water supply,
currently estimated at $294,000 exclusive of the initial construction
noted sbove, are reimbursable under the provisions of the Water Supply
Act of 1958, as asmended. The Act also stipulates that the costs of
including the water supply facilities for anticipated future use and the
allocated pert of the Jjoint construction costs of the project, should
not ‘exceed 30 percent of the total estimated construction cost of the
project. Total costs of the project allocated to future water supply
and for initially providing construction works for water supply facili-
ties emounts to $314,000 or 22.8 percent of the total estimated project
cost,.
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Annual operation and maintenance costs, and major capital replace- e
ment costs, will not be charged to future water supply until a contract is —
made for such future water supply and payments are initiated, It is anti-
cipated that the reservoir would be utilized for water supply about 20
years after project completion. Until payments are initiated, operation,
maintenance and replacement costs allocated to future water supply are as-
signed to the recreational function served by the project. In connection
with the construction works presentlg included for future water supply,
annual costs currently estimated at 31,800 for operation, maintenance and
replacement of the project features would be borne by local interests,

b. Adjusted Cost Apportionment. - The initial cost apportionment
(Table L) indicates that. the Federal Government would contribute toward
the cost of lands, damages, and highway and utility relocations allocated
to the project purpose of recreation. These costs, currently estimated
at $116,000, have been adjusted in Table 5 to be the responsibility-of
non-Federa). interests and a like amount is credited toward the non-Federal
‘share of the apportioned water supply c¢onstiruction costs, Since none

:Federal interestis are responsible for the apportioned costs of lands,
\dlamages, and relocations in accordance with the Flood Control and Water
Supply Acts, it is congidered in the best interests of the Faderal Govern-
rient, in connection with assurances of local cooperation, that non-Federal
interests bear costs of all lsnds, damages and relocations,

SECTION XVIII - PROPOSED LOCAIL COOPERATION
61, GENFRAL '

" As discussed above, local interests would be required to provide,
without cost to the United States, all lands, easements, and rights-of-
way necessary for the construction and operation of the local protection
project, hold and save the United States free from damages due to the
construction works; and maintain and operate all the works after comple-
tion in accordance with regulations prescribed by the Secretary of the
Army, Under the requirements of lands, easements,and rights-of-way, sc-
quisition of land rights required for spoil disposal areas would also
be the responsibility of local interests, as would the necessary reloca-
tion of State Highway Route 10 including utilities and the transmission
line crossing the regervoir. Federal-aid highway funds cannot be used to
. defray any part of the costs for highway relocations for water resource
projects where local interests are required to assume the cost of such ad-
justment as part of the local construction. Spoil disposal areas would be
required for excess topsoil, unacceptable rock excavation and fines and
screenings from grizzling. Spoil areas will be located in the project area
and designated in final design stages. _

State and city officials have indicated a willingness and ability to
fulfill the conditions of local cooperation as attested by Exhibit Letters
in Appendix F,

In accordance with the Federal Water Project Recreation Act, Public
Law 89-72, non-Federal interests would be required to administer project
N
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Firast Costs

Floed Control
Lands & Damages
Relocations
Dam & Reservoir

Totals -~ Flood Control

Recreation
Lands & Damages
Relocations
Dam & Reservoir
Recreation Facilities

Totals - Recreation
Water Supply '

Lands & Damages

Relocations

Dam & Reservolr

Water Supply Features

Totals - Water Supply

TOTAL FIRST COSTS

Annual Chsarges

Federal
Flood Control
Recreation
Water Supply

Totzal - Federal
Non-Federal

#lood Control

Recreation

Water Supply

Total - Non-Federal

TOTAL ANNUAL CHARGES

oy QO -
CE S s ) -
TABLE Vo (/
ADJUSTED COST APPORTIONMENT |
Federal Non-Federal Total
$ "¢ 8L,000 $ 8ly000
108,000 108,000
407,000 ‘ 407,000
$407,000 $ 192,000 $ 599,000
436,99 205,990 ¢4/, 099
¢ 7Y ¢ 51,000 $ 51,000
- 65,000 65,000
215,000 - 245,000
51,500 51,500 103,000
$296,500 $ 167,500 $ Lé6k,000
377,000 179,000 456,060
$ $ ‘41,000 $ Li1,000
53,000 53,000
116,000 8L, 000 200, 000
20,000 20,000
$116,000 $ 198,000 $ 314,000
tz4, 000 2]2;00& 336,000
$819,500 $ 557,500  $1,377,000
£77,cc0 £74,0c0 by 472,060
Interest Oper., & Major Re-
& Amort, Maint, placement Total
- $13,300 $ o % 0§ 13,300
9’?00 0 Vel L 0 9,?00
3,800 0 0 3,800
$26,800 $ o $ o $ 26,800
$ 6,300 $ 3,400 $ ., 300 $ 10,000
5,500 (6,600~ - oY 500 12,600
6,500 1,100 - - hoo 8,300
$18,300 $ 11,400 $ 1,200 $ 30,900
$45,000 $ 11,400 $ 1,200 $ 57,700
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land and water areas for recreation and fish and wildlife enhancement;
pay, contribute in kind, or repay with interest, one-half of the sepa-
rable cost of the project allocated to recreation and fish and wildlife
enhancement; and bear ell costs of operation, maintenance and replace-
ment of lands and facilities for recrestion and fish and wildlife enhance-
ment.

In accordance with the Water Supply Act of 1958, as amended, local -
interests would be required to pay for project costs assigned to the
water supply festures of the project, and assume full responsibility
and bear all costs of opergtion, maintensnce and replacement of the
project features presently included for future water supply and st such
time as the reservoir is utilized for water supply, assume the cost of
operation, maintenance and replacement sllocated 1o water supply and
reimburse the Federal Govermment for thelr apportioned share of water

supply cost. . -

Non-Federal interests would also be required to protect channels
downstream from the reservoir to permit efficient reservoir operation
and exercise to the full extent of their legel cepability, control
against removal of water in the watershed which will affect the reser-
voir's waeter supply storesge and the development of dependable stream
regulations.

SECTION XIX - COORDINATION WITH OTHER AGENCIES

62. GENERAL | o

Coordination with all Federsl, State and local agencies having an
interest in the proposed improvement was carried out during the course
of the studies. The agencies reviewed the plans for the project consid-
. ered and furnished comments and recommendations relative to the phase of
development in which they have a primery Interest. The suggestions
and recommendations made by these agencles for meeting the verious needs
have generally been followed in the formulation and development of the
project., Letters of comment are included in Appendix F of this report.

SECTION XX - DISCUSSION

63. FLOOD PROBLEMS

Flood protection for the city of Keene is needed. Industrisl, come
mercial end residential properties have suffered substantial dameges from
the effects of past floods, resulting in disruption of the city's economy
and danger to public health and safety from pollution from backed-up
sewers, The record flood of September 1938, the most demeging experi-
enced in the Ashuelot River Basin, caused losses amounting to $1,138,000.
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Approximately $515,000 of this emount was sustained within the city of
Keene which includes $218,000 encountered along Beaver Brook. A more
recent damaging flood occurred in April 1960, and caused losses estimated
at $100,000 along Beaver Brook in Keene, A recurrence of the experienced
1938 flood levels would cause losses amounting to $3,120,000 on Beaver
Brook alone. Operation of the existing flood control dams at Surry
Mountain snd Otter Brook would prevent $1,245,000 of these losgses and

nearly all of the remainder would be prevented by construction of Beaver
Brook Dam. :

64, SOLUTIONS CONSIDERED

‘ All practicable methods for solving the flood problems were con-
sidered, These included local protection measures and channel improve-
ments, diversion and relocation of Beaver Brook, modification of the
dem at West Swanzey, chamnel improvement of the Ashuelot River, flood
. plain zoning, and evacustion and resettlement. These methods were

found 4o be impracticable due to the extensive costs involved or eco-
nomlcally infeasible at this time,

65. RECOMMENDED PLAN

The formulated plen providing the most practiceable and economic
means for development of the water resources potential of the watershed
consists of a multiple-purpose storage reservoir on Beaver Brook in
Keene, New Hampshire. Project formulation end economic analysis is
discussed in Appendix C. The reservoir would reduce flood damages,
meet an expending recreation need, and provide a source of future water
supply for the city of Keene. In & recurrence of the 1938 flood under
current conditions, the Beaver Brook project would prevent losses of
$1,700,000 in the Ashuelot River Basin and $1,655,000 on Beever Brook,

The estimeted totel first cost of the recommended multiple-purpose
" project including flood control, recreation, and future water supply
is $1,377,000 with average annual charges of $57,700, Average annual
flood prevention, water supply and recreation benefits are $165,700
resulting in a benefit-cost ratio of 2,9 to 1.

66. SENATE RESOLUTION 148
Additionsl information on recommended and alternative projects
called for by Senate Resolution 1u48, 85th Congress, lst Sesslon, adopted
28 Jenuary 1958, is contained in- Attachment IT to this report.
SECTION XXI - CONCLUSIONS AND RECOMMENDATIONS
67. CONCLUSIONS

As a result of studles mede for this feport, it is concluded thet
construction of a multiple-purpose dam and reservoir on Beaver Brook in
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Keene, New Hempshire, essentially as described in this report is war-
ranted. The improvement presented has been plamed for meximum util-
ization of the site for development of the water resourceg in the area,
The site can be developed for flood control and recreational purposes
with the added potential of converting recreation storage to future
water supply. The proposed project would reduce future flood daemages,
setlsfy some of the demands for increased recreational facilities and
provide a source of water supply for the city of Keene for future use,
The Beaver Brook multiple-purpose dem and reservoir is amply Jjustified
by evaluated bhenefits and meets the desires of locel interests., Further-
more, in the event that the water supply needs of the city become so '
acute ag to dictate the use of storage provided for recreation at an
early date, those specific costs assigned to recreation will not be
completely lost since only water contact sports would be eliminated

in the recreation purpose.

68. RECOMMENDATIONS

The Division Engineer recommends that the plan for the control of =
floods in the Connecticut River Basin approved by the Act of June 22, 1936
(Public Law Numbered 738, Seventy-fourth Congress) as esmended and sup-
plemented, be further modified to provide for the construction of a
miltiple-~purpose dam and reservoir on Beaver Brook, in the clty of Keene,
New Hampshire, including flood control, recreation, fish and wildlife
conservation and future water supply, essentially as described in this
report, with such modifications as the Chief of Engineers considers
advissble, at an estimated total first cost of $1,377,000 for construc~-.
tion, exclusive of preavthorizeation costs, and average annuael costs of
$57,700 1nc1uding provisions for operation, mesintensnce and major replace-
ments,

He further recommends that prior to initiaetion of construction of the
Beaver Brook Dam and Reservolr, non-Federal interests give assurances
satlisfactory to the Secretary of the Army that they will:

1. Provide without cost to the United States, all lands, easements,
end rights-of-way necessary for the construction and operation of the
project currently estimated at $176,000;

2. Hold and save the United States free from-damages due to the
construction works;

3. Maintein and cperate all the works after completion in accord- '
ance with regulations prescribed.by the Secretary of the Army;

k., Provide without cost to the United States all alterations,
replacements and relocations of existing utilities and highways currently
estimated at $226,000;

36
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S. In sccordance with the Federal Water Project Recreation Act,
Public Law 89-72:

a. Administer project land and water areas for recreation
and fish and wildlife enhancement;

" b. qu, contribute in kind, or repay (which may be through
user fees) with interest, one-half of the separable cost of the proj--
ect allocated to recreation and fish and wildlife enhancement,. an
amount currently estimated at $51,500 consisting of $48,000 for general
recreation and $3,500 for fishing;

¢. DBear all costs of oparation, maintenance and replacement
of lands and facilities for recreation and fish and wildlife enhance-
ment, an amount currently estimated at $7,100 on an average annual -
basis, Provided, that the sizing and responsibility for development,
operation, maintenance, and replacement of the recreation and fish and
wildlife enhancement features of the reservoir may be modified in ac-
cordance with the alternatives provided in the Water Project Recrea-
tion Act, depending upon the intentions of non-Federal interests re-
garding participation in the costs of these features at the time of
reservoir construction and subsequent, thereto, and that appropriate
adjustments reflecting such modifications may be made in the alloca-
tion of costs te other project purposes.

6. Prior to construction of the water supply features, agree in
accord with the Water Supply Act of 1958, as amended to: -

a. Reimburse the United States for that portion of the con-
struction costs allocated to future water supply, smounting to $10L,000.
This reimbursement shall be made within the life of the project, but in
no event shall the repayment period exceed 50 years after the project
is first used for water supply purposes, except that no payment need
be made on this amount or interest charged thereon until storage is
first used for water supply purposes, but in no event shall the interest-
free period exceed 10 years;

b, Assume full responsibility and bear all costs of operation,
maintenance and replacement of the project features presently included
for future water supply. At such time as the reservoir is utilized for
water supply, assume cost of operation, maintenance and replacement
allocated to water supply.

7. Obtain water rights necessary for the use of stored water for
water supply purposes and hold the Government harmless from liability
for or on account of any claim for damages which may be made or asw
serted as the result of the storage and withdrawal of water by the
user, Use of the water shall be in a manner consistent with Federal

_and State laws;
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8. Protect chammels downstream from the reservoir from encroach-
ments which would adversely affect reservoir operation; and,

9. Exerclise to the full extent of their legal capability, control
against removal of water in the watershed which will affect the res-

ervoir's water supply storage end the development of dependable stream
regulations.

The ultimate Federal first cost for the Beaver Brook muliiple-
Purpose dam and reservoir, exclusive of presuthorizetion costs, is _
currently estimated at $819,500 the non-Federal first cost is estimated
at $557,500,  The Federal appropriation requirement is presently
estimated at $975,000 including reimbursable costs of $10L,000 and $51,500
for water supply and recreetion, respectively. Net average annual costs
for operation, maintensnce and major replacements which are items of
locel responsibility, are estimated at $12,600.
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APPENDIX A

‘FLOCD LOSSES AND BENEFITS

1. DAMAGE SURVEYS

Damage surveys were initially conducted throughout the
Ashuelot River Basin following the September 1938 flood and
were later supplemented by reviews in 1947 and 1953, under-
taken to check the change and extent of development within
the Tlood plain. The latest damage survey, made after the -
April 1960 flood, was confined to the flecod area along Beaver
Brook in the City of Keene. In view of the higher stages
previously experienced during the September 1938 flood, esti-
mates of recurring losses were obtained for both the 1938 and
1960 flood crests,

Damage surveys comprised door-to-door inspections and in-
terviews of the several hundred residential, commercial, in-
dustrial and other properties affected by flooding., The re-
corded information included the extent of the areas flooded,
descriptions of properties, nature and amount of damage, depth
of flooding, high-water references and relationships to prior
flood stages. Estimated evaluations of damages were generally
furnished by property owners. Investigators applied their own
judgement in modifying these estimates and also made estimates
when the owner or tenantswere not available.

Sufficient data was obtained to derive losses for: (1)
the 1960 and 1938 flood crests; (2) stages 1 to 2 feet higher
than the 1938 flood; and (3) intermediate stages where marked
changes in damage occurred.

2, LOSS CLASSIFICATION

Flood loss information was recorded by type of loss and
location. Loss types used were industrial; urban, comprising
commercial, residential, and public; rural; highway; and rail-
road, ' Losses evaluated included (1) physical losses, such as
damage to structures, machinery and stock, and the cost of
clearup and repairs, and (2) non-physical losses, such as un-
recoverable loss of business and wages, cost of temporary
facilities and increased cost of operation. Losses resulting
from physical damages and a large part of the related non-
physical losses were determined by direct inspection of prop-
erty and eveluation of losses by the vroperty owners and/or
field investigators. 'here non-physical portions of losses
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could not be determined from available data, estimates were
based upon the relationship between physical and non-physical
losses for similar properties in the area. HNo evaluations were
made of intengible damsges including such items as loss of life,
hazards to public health, and impairment of national security.

3. FLCOD DAMAGES

The record flood of September 1938 resulted in an estimated
loss of nearly 31,138,000 in thé Ashuelot River Basin. Over
1,200 families were forced from their homes, and 150 commer-
cial and industrial properties were badly damaged. Keene, New
Hampshire, the largest community in the watershed, sustained
losses amounting to about $515,000. Of this amount, $218,000
was encountered along Beaver Brook, where flood stages reached
as high as 5 feet over first floor levels. Some 372 properties
were affected, including 347 homes, 15 commercial firms and 10
industrial plants.

Downstream of Yeene, industrial, commercilal, residential,
and rural areas in the Towns of Swanzey, “inchester, and Hins-
dale wers heavily damaged with flood stages reaching 2 to 3 feeb
above first floor levels.,. Affected were some 9 industrial firms,
16 commercial establishments, 29 residences, and 63 agricultural
properties. Total damages in the 3 commnities amounted to
$387,300. Highway losses attributable to the flood amounted to
28 percent of the total basin loss. Table A-I shows the 1938 ex~
perienced flood losses in the Ashuelot River Basin by town and
type of loss.

The most recent flood tc strike Keene occurred in April
1960, when Beaver Brook overtopped its banks. Some 267-prop-
erties sustained losses amounting to nearly %100,000, Includ-
ed in this loss were some 249 homes, 1l industrial firms, and 7
commercilal establishments, Operation of the existing Surry
Mountain and Otter Brook flood control dams prevented additional
losses.
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~Town

Hinsdale
Yeene
Marlboro

Swanzey

- Winchester

{ther Towns

on tributaries
unaffected by
nrojects

Experienced Septerber 1938 Flood Losses

lUrban

3 900

- 163,200

8,700
3,100

75,600

251,500

TABLE A-I

Ashuelot River Basin

Industrial Rural Highway
$ 12,500 3 - $ 1h,200
227,900 25,800 56,000
27,900 1,400 75,L00
38,500 18,100 20,400
131,800 20,600 33,260

- - 118,200
5138, 600 $65,900 '$317,h00'

Railroad Total
$ 2,L00 $ 30,000
142,000 514,900
- 113,400
8,000 88,100
8,000 269,200
_kL,200 122,400
$6h,6oor $1,138,000



L, RECURRING AND PREVENTABLE IOSSES

A recurrence of September 1938 flood stages in the
Ashuelot River Basin under present conditions would cause
an estimated loss of $5,450,000 without flood protection.
Damages along Beaver Brook would amount to $3,120,000, rep-
resenting about 57 percent of the total basin loss, Opera-
tion of the existing flood ¢ontrol dams at Surry Mountain -
and Otter Brook would reduce damages from $5,450,000 to
$3,080,000, . Of this residyal loss, $1,700,000 would be’
eliminated with the construction of the recommended Beaver
Brook Dam and Reservoir., 1In the alternate system, the suth-
orized Honey Hill Dam in conjunction with the existing dama
at Surry Mountain and Otter Brook would reduce losses from
$5,450,000 to $2,175,000. Adding Beaver Brook Dam and Res-
ervoir to the system would provide additional savings of
$1,240,000, Tables A-II and A-III show recurring September
1938 losses without flood protection and losses preventable
. by the existing, authorized and recommended flood control dams,

5. AVERAGE ANNUAL LOSSES

Annual losses were derived for the reaches downstream of
the proposed Beaver Brook Dam site by utilizing stage-damage,
stage-discharge and discharge-frequency data to develop dam- -
age-frequency curves. The area under these curves, which have
been plotted with damage as the ordinate and with percent-
chance-of-occurrence as the abscissa, is a measure of the
average annual loss. The average ammual loss in the resches
below the proposed Beaver Brook Dam site in the Ashuelot River
Basin totals $L62,300 without flood protection. Of this loss,
$205,600 occurs on Beaver Brook and $256,700 on the damage
zones of the Ashuelot River downstream of the Surry Mountain
and Otter Brook Dams. Operation of these dams which have
been constructed will reduce annual losses on Beaver Brook
to $93,800 and losses on the Ashuelot River zones to $51,000,
resulting in a total modified annual loss of $1hl,800,



Flood of September 1938 - Ashuelot River Basin

TABLE A-T11

Description of Damage Reaches - Recurring and Preventable Losses

(1965 Price Level)

Losses Preventable

by existing Surry

Losses Preventable by
recommended Beaver
Brook Tam after Surry

Losses Preventable by
suthorized Honey Hill
Dam after Surry Moun-

LI AR Gor Zﬁ/]@ff é"}'—)od "'df;?.’.:-’z
S8Y Ao 65 FoAY,

A Recurring Mountain and Otter Mountain and Ctier tain, Otter Brook and Residual

Zeach Description Losses Brook Tams Brook Dams Beaver Brook Dams Loss
1,75 000
Beaver 3Brook - Beaver, . - - -
Brook Tamsite to mouth $3,120, 000~ $1,245,000 $1,655,000 $130,000 $ 90,000
Ashuelot River -~ Surry
Mountain Lam to mouth '
of South Brench River 725,000 615,000 _ 15,000 80,000 . 15,000
Tay Keeac. ,}QW Loo0) (1, S o ,00n, ot soo

Ashuelot River - louth '
of Scuth Branch River
to mouth of Wheelock
Brook 125,000 80,000. - 5,000 L,0,000 -
Ashuelot River - MNouth
of Wheelock Brook to
nouth of Ashuelot River 650,000 430,000 25,000 195,000 -
Tributaries 830,000 - - - 830,000
TOTAL $5,L50,000  $2,370,000 $1,700,000 $lkis,000 $935,000
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TABLE A-IIT

Flood of September 1938 - Ashuelot River Basin

Description of Damage Reaches - Recurring and Preventable Losses

Reach Description

Beaver Brook - Beaver
Brook Dam site tormouth

Ashuelot River - Surry
Mountain Dam to mouth

'of South Branch River

Ashuelot River - Mouth
of South Branch River
to mouth of Wheelock Brook

Ashuelot River - Mouth of
Wheelock Brook to mouth
of Ashuelot River

Tributaries

TOTAL

(1965 Price Level)

Losses Preventable
by existing Surry

Additional Losses
Preventable by

Losses Preventable
by Beaver Brook Dam
after Surry Moun-

Recurring Mountain and Otter authorized Honey  tain, Otter Brook, Residual
Losses ~ Brook Dams Hill Dam and Honey Hill Dams Loss
$3,120,000 $1,2U45,000 $620,000 $1,165,000  $ 90,000

725,000 615,000 95,000 - 15,000
125,000 80,000 115,000 - -
650,000 1430,000 1L5,000 75,000 -
830,000 ~ - - 830,000
| . < 5o - ‘
$5,450,000, $2,370,000 $90%,000 $1,240,000  $935,000




6, SRENDS OF DEVALOPMENT

Keene has been a commercial and industrisl center for
Cheshire County and the western portion of the center of New
Hampshire for many years., Review of statistics for manufac-
tures, retail trade, and population reveal that the City of
fleene has followed the county and the State in a steady ec~
onomic growth over the past three decades which is exceeded
only by the rates of growth of the Gross lNational Product
and the national population. Table A-IV includes pertinent
data as tc economic parameters,'ihe older industries have held
their own or been replacea vy nev enterprises, The machine
tool and wood products industries have expanded and elec-
tronics and plastic zlants have moved into the area. Com-~
mercial establishments have participated in this growth. The
flood plain along Beaver Brook and its confluence with the
Ashuelot River has been the site of construction-of several
industrial establishments in the past twenty years. Avalla-
bility of land in the flood plain, together with trends ex-
tibited, lead to the conclusion that flood losses will grow
at the rate of 1.5 percent per year for the next twenty years
before the availeble lands are fully utilized, Conversion of
this growth to an annual equivalent basis over the project life
of 100 years results in annual benefits for growth amounting to
$19,900 ($15,500 in the slternete system).

The growth experienced during the past twentwv years, which
is continuing today and is expected to continue without addi-~
tional flood protection, will not be materially hastened by
project construction. Consequently, no enhancement benefits
have bheen evaluated,



TABLE A-IV

Teonomi¢ Parameters

Keene, New Hampshire

1930 w0 1950 1960 1965 1970 1980
”‘E:’.iiﬂiﬁi“ﬁ?aiii‘i’{°§onan> ' 91,105 100,680 284,599 50L,L00 6L9,000 790,000% 93,000k
Nationsl Population (millions) : 122,8  131.7  150.7  180.7  196,0%  21L.O% 25k Ok
. _ _ 176.3# 183,24

New Hampshire Population (thousands) 465,.3 491.5  533,2  606.9
Cheshire County Population (thousands) 33.7 3h.9 38.8 h3.3
Kesne, New Hampshire. Population (thousands) 13.8 ‘ 13.8 15.6 17.6

* TNational Planning Association Projections '

;* ﬁ%o:cwgzgelci:xgrces Couneil Préjaction
Value Added by Hanufsvture , 1939 bt 195k 1958 1963
New Hampshire, thousands of (1963 dollars) A 254,133 435,843 - 478,326 520,152 4gL,075
Cheshire County, New Hampshire, tho_uun& of (1963 dollars) 22,255 __311,081 ho,917  L9,h9k 53,229
Keens, New Hampshire, thousands of (1963 dollaras) 9,804 16,435 21,711 29,118 1)

(1) Not available.
Retail Sales 19h8 195k 1958 1963
New Hampshire, thousands of (1963 dollars) 608,232 706,663 7hS,727 881,811;
Cheshire County, New Hampshire, thousands of (1963 dollars) 38,829 13,662 18,128 41,999
Xeens, New Hempshire, thousands of (1963 dollars) ' 25,683 28,961 32,050 Lo,218

A-8




T. AVERAGE ANNUAL BENEFITS

Average annual benefits were derived for the existing Surry
Hountain and Otter Brook Reservoirs, the authorized Honey Hill
leservoir, and the recommended Beaver Brook Reservoir by apply-
ing estimates of flow reductions, developed by hydrologic analy-
sis, to annual loss data previously computed. The benefits for
the Beaver Brook Reservoir were computed on 2 bases: (1) acting
next after the completed reservoirsy and (2) acting after both
the completed and authorized reservoirs which would affect flood
flows and stages in the Ashuelot River Basin, The basic benefit
was adjusted upward by 22,4% to reflect the growth projected to
occur in the areas of project influence over the next 20 years,

Operation of Beaver Brook Dam and Reserv01r, acting next
after Surry Mountain and Ctter Brook Reservoirs, would result
in average anrual benefits of $108,600 in the Ashuelot River
Basin. Of this total benefit, 5103 LOC would be realized on
Beaver Breok and $5,2OO in the reaches of the Ashuelot River
downstream from Keene. In addition, benefits attributable to
Beaver Brook Reservoir on the Connecticut River were computed
with Beaver Brook zcting last in the existing system of reser-
voirs. These benefits szmount to $5,000 annually.

Operation of the alternate system, Beaver Brook Dam acting
next after Surry HMountain, Ctter Brook, and Honey Hill Reser-
voirs, would result in average annual benefits amounting to
$688,700. Annuel benefits totalling $86,900 would be realized
on Beaver Brook and $1,800 on the Ashuelot River,

Derivation of average annual losses and benefits are il-
lustrated on Plates A-I, A-IT, and A-III for a typical zone
in Keene, Table A-V shows benafits to Beaver Brook Dam acting

after the two alternative systems.

A-9




oT-v

TABLE A-V
Average Anmual Losses and Benefits to Beaver Bropk Reservoir
Ashuelot River‘Basin
(1965 >rice Level)
ANNUAL LOSSES 7 ANNUAL BENEFITS

Beaver Brook Dam
Anmal Loss Modi- Beaver Brook Dam next after Surry

fied by Surry next after Surry Mountain, Otter

Natural Average Mountain & Otter Mountain & Otter Brook & Honey
Reach Description Annual Loss Brook Dams Broock Dams Hill Dams
Beaver Brook - Beaver Brook ' _ ' o
Dam site to mouth $205,600 $ 93,800 $103, 400+ $86,500%
Ashuelot River - Surry Mounw
tain Dam to mouth of South - : ' -
Branch River - 15h,200 25,900 - 3,300% 1,100
Ashuelot River - Mouth of |
South Branch River to mouth ' _ '
of Wheelock Brook 18,400 2,800 Loo o 100%
Ashuelot River - Mouth of ”
Wheelock Brook to mouth of :
Ashuelot River ‘8212100' 2’2!300 1, 500% _ _ 600
TOTAL -~ ASHUELOT RIVER BASINw* $462,300 $1hk,800 -$108, 600w $88 TO0%*

# Adjusted to reflect growth durlng the next 20 years with approprlate dlscountlng for
the growth perioed,

#*¥% TIn addition, benefits, attributable to Beaver Brook Reserv01r, on the Comnecticut
River amount to $5,000 annually. v
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APPENDIX B

HYDROILOGY AND HYDRAULICS

1, INTRODUCTION

This appendix presents climatological and hydrological data on
the Ashuelot River watershed, along with the analysis of floods of
record, the development of synthetic floods and the determination
of flood reduction afforded by different systems of reservoirs,
2. BASIN DESCRIPTION

a. Aghuelot River

The Ashuelot River lies in the southwest corner of New
Hampshire, where it drains an area of 421 square miles at its con-
f1uence with the Connecticut River near Hinsdale. Generally, the
watershed is hilly, with low mountains in the headwaters, A few
natural lakes and pords are also found in the area. The river has
a total fall of 1,475 feet in its length of &4 miles, but much of
this drop is concentrated near the headwaters (Plate B-1).

b. Main Tributaries

The two main tributaries of the Ashuelot River are the
Branch and the South Branch. The Branch, entering the Ashuelot
River just below Keene, New Hampshire, about 26.5 miles upstream
from the mouth, is formed by the confluence of Minnewawa Brook and
Ctter Brook. The South Branch joins the Ashuelot River just above
Swanzey Station, or about 23,5 miles upstream from the mouth,

c. Xeene Flood Plain

The portion of the Ashuelot River between the Faulkner and
Colony Company Dam in Keene and the Dickinson Dam in West Swanzey
is referred to as the Keene Flood Plain. The meandering river
channel in the flood plain has low discharge capacity due to its
small cross-sectional area and flat gradients, with the result
that flood waters cause considerasble depth of pondage. About 75
percent of the Ashuelot River drainage area empties into this
reach of the river, Table B-1l lists the approximate drainage
areas of the streams that discharge into the flood plain,

Bl



TABLE B-l

XEENE, NEW HAMPSHIRE FLOOD PIAIN - DRAINACE AREAS

Tocation

Ashuelot River at the Branch
The Branch at mouth
Otter Brook at the Branch
Minnewawa Brock at the Branch
Beaver Brook at the Branch
South Branch Ashuelot at mouth
Ash Swamp Brook at mouth
Local Drainage -~ Keene to West Swanzey

TOTAL at West Swanzey

g, Beaver Brook

Brainage Area
in Square Miles

114

100

55 .
33
10

72

18

.8

312

Beaver Brook, with a drainage area of 10 square miles,
flows southward through the City of Keene and joins the Branch
near its mouth in the flood plain (Shown on Plates B-2 and B-3).
The watershed is rectangular in shape, with a length of about 7
miles and a width of about 1.5 miles, It has basically a single
stream pattern with short side tribubsries with steep slopes.

This is evident from the drainage area and stream profile shown

on Plate B-li, Although Beaver Brook has a total fall of over
1,000 feet in about 8 miles of length, the lower 2 miles in the
Clty of Keene and that portion in the vicinity of the proposed dam

are relatiwvely. flat.

Downstiream of the damsite for about two miles; the channel
is fairly steep with considerable discharge capacity. However,
- once the brock reaches the outer limits of the populated areas, 4
the stream bed flattens out and it enters into a flood plain with

g width that varies from 500 to 2000 feet.

The channel depth

throughout the remaining two-mile length to the mouth is approxi-
mately 5 feet. The channel capacity through this reach is esti-

mated to be 120 ¢.f.s5. (about 15 c.s.m.).

Discharges in excess

of this result in overbank floeoding with pondinz developing over

a large area.
3. CLIMATOLOGY

a. General

The Ashuelot River Watershed has a variable climate,

- characterized by frequent but generally short periods of heavy

B-2



precipitation. It lies in the path of the "prevailing westerlies"
and is exposed to the cyclonic disturbances that cross the country
from the west or southwest. The area is also subject to coastal
storms that travel up the Atlantic seaboard in the form of hurri-
canes of tropical origin.and storms of extra-tropical nature,often
called "mortheasters®, The winters are moderately severe, with
sub-zero temperatures rather common. The Spring meliing of the
winter snow cover occurs generally in late March or April.

b. Temperatures

The mean annual temperature at Keene, New Hampshire, is
approximately LSOF, with the average monthly temperature varying
from about TO°F in July to near 20°F in January. Extremes in
temperature range from highs slightly in excess of 100°F to lows
in the minus thirties. Table B-2 surmarizes mean, maximum, and
minimm monthly temperatures recorded each month at Keene, New
Hampshire, for 72 years of record through 196k,

TABLE B-2

MONTHLY TEMPERATURES AT XEENE, NEW HAMPSHIRE
(Degrees Pahrenhelt)

Month Mean Maxd mum Minimum
January 21.5 66 -32
February 22.5 65 -32
March 32.8 85 -21
April bty 91 1
May £5.8 95 21
July 69,3 104 3L
bugust 66.9 102 27
September £9.8 101 19
October 19,3 90 10
November 37.5 ‘ 80 -15
December 25.3 . 6l -29
Annual 45.8 0L -32

¢, Precipitation

1. General, - The mean annual precipitation at Keene, New
Hampshire is 38.7 inches, The greatest amnual precipitation recorded

B~3



was 51.2 inches in 1951 and the least annual amount was 27.1
inches, recorded in 189, Table B-3 summarizes the precipita-
tion on record at Keene, New Hampshire, for 73 years of record
through 196k,

TEBLE B-3
HOWTHIY PRECTPITATION AT KEENE, NEW HAMPSHIRE

Elevation L90 feet, M.5.L.
(Depth in Inches)

Month Mean Ma:xd wam Mindmam
January 2.98 6.50 . 0.85
February 2,66 . 7,02 T 0.60
Mareh 3.18 760 0.0k
April 3.16 6.65 0.35
May 3027 7.02 0. 79
June 3.38 773 0.h1
July 307k 11,09 . 1,07
August 3.62 8,96 : 1.05
September 3.53 10,39 0,20
October 2.76 T84 0.23
Hlovember 3033 7.67 0,52
December 3.0k 6,70 0,51
Arousl 38,7 51,2 2701

2. Snow, - Monthly and annmal average snowfall at Keene,
New Hampﬁhgres for 66 years of record through 196L is shown in
Table Be=ll,

TABLE B-li

MEAN MONTHLY SNOWFALL AT KEENE, NEW HAMPSHIRE
(Flevation 500 feef, Mo.S.klo)

Month Deopth in Inches Month Depth in Inches
January 16.6 July -
February 1663 August -

Mareh 1.2 September -

Aprili 3.2 October .l
May N November 3.6
June -’ "~ December 13.3

Anrual 6 s .3
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Snow courses have been estzblished azbove the watersheds of Jurry M,
and Otter Rrook Reservoirs to give an index of the water equivalent
of the snow, which 1s used as a guide in the regulation of the res-
ervoirs during the periods of snowmelt. A summary of the water
equivalent during the winter and spring months is shown in Table R-5,

TABLE B=5

WATER EQUIVALENT IN SNOW COVER
(Depth in Inches)

Date Mean Maximum Minimum
1 February 2.9 5.5 049
15 February 3.7 Te7 0.8
1 March Le5 8.5 0.7
15 March . 542 9.1 1.0
1 April 3.8 8.8 -
15 April 1,2 6.5 -

L, STREAMFLOW
&. General

The .S, Geologlieal Survey has published records of river
gstages and streamflows at 5 locations in the Ashuelot River water-
shed for various periods from 1907 through 1963 (summarized in
Table B=6 on following page). The records are generally good to
excellent except those for periods of ice effect or no gape-height
record, There is no published record of streamflow on Beaver Rrook.
However, a temporary recording gage has been installed on Reaver
Brook in the City of Keene and is located in the Woodland Cemetery
about, 800 feet upstream of Beaver Street (see Plates No. RB=2 and
B=4). This gage, which has a drainage area of 8.25 square miles,
was established to gather statistical data for the proposed Reaver
Brook project and has been in operstion since October 1962,

be Stream Runoff

Inasmuch as the Beaver Brook records are availsble for only
a few years, the runoff records for both Otter Rrook and the South
Branch are considered indicative of flows on Beaver Brook. The an-
nual runoff for 4O years of record for the Otter Brook gaging sta-
tion varied from 12,63 inches to 32,93 inches, with a mean of 22,5h
inches, The mean annual runoff represents about 60 percent of the
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TABLE B-=6

STREAMFLOW RECORDS

ILocation of Drainage
Gaging Station : Area
Tsqemis)

Ashuelot River at Hinsdzle,
New Hampshire 420

South Branch Ashuelot River :
at Webb, New Hampshire 36.0

Otter Brook below Dam near
Keene, New Hampshire - h7.2

Otter Brook near Keene, New
Hampshire #* : L2.3

Ashuelot River below Surry
Mit. Dam near Keene, New .
Hampshire 101

Ashuelot River at Gilsam, :
¥ew Hampshire TL.l

Period of
Hecord

Mar.
Oct,
May

Oct,
Sep.

Sep.

Aug.

1907~

1920=

1958

1923-
1957

1945

1922-

# Gaging station relocated downstream of Otter Brook Dam,

Discharge -
Mean Haximum IMinimum

(cfs] "Tefs]” “efs]

657 16,600 10
59.L 5,960 0.1

77 685 Cel

7.0 6,130 1.0
172 1,320 0.l
125 5,220 : 1.0




TABLE B-7

MONTHLY RUNOFF

(Otter Brook Gage - Keene, New Hampshire)

Month

January
February
March

April

May

June
July

Angust

September
October
November

Decenther

ANNUAL

Maximum
Inches)

.10
3.31
12,00
11.51

5499
L67
3498
2,30

9,00
3,69
5.83
L.20

32.93

Btz

Minimum

Mean

{Inches) (Inches)
0,16 1.75
0.33 1,07
0.63 3,28
].79 6.06
0,88 2.77
0.33 1.31
0,09 0.66
0.05 0.L6
0.05 0.79
0.08 .84
0.19 1.73
0,38 1.732
12,63 22,54



mean annual precipitation, A summary of the maximum, minimum,
and mean monthly runoff in inches is shown in Table B-7,

Ce Low'Flow Analysis

The discharge records of the nearby South Rranch gaging
station were analyzed in order to determine the yleld and depend-
ability of flow on Beaver Brook. The recorded average anmual flow
approximates 1,7 cublc feet per second per square mile, resulting
in a mean flow of about 0.2 cfs at the Beaver Brook damsite,

Curves of storage versus draft, in percent of average an-
nual runoff, with frequency curves as parameters were developed
for the South Branch gaging station. From these, curves of yield
versus storage for various frequencies were computed for Beaver
RBrook and are shown on Plate B=1l., Consideration was given to the
effect of evaporation and was found to be minor, TFor example, with
a full pool storage of 3,000 acre~feet, the loss in a critical dry -
year during the months of July and August would be equivalent to a
flow of about 0,72 cfs or a volume sbout 85 acre-feet,

5., FLOODS OF RECORD
L. General

Outstanding floods on the Ashuelot River may result from
early spring storms combined with melting snow, such as the flood
of March 1936, or from summer or fall storms, such as the record
flood of aeptomber 1938, In addition, local thunderstorms can
cause serions flash floods on the smaller sireams.

b, Flood History

1. Ashuelot River. = The Ashuelot River watershed has
experienced seven major Ffloods in recent years, Table B-8 shows
the peak discharges of these floods at the U, S, Geological Survey
Gaging stations at Ashuelot River at Gilsum, New Hampshire, South
Branch Ashuelot River at Webb, Wew Hampshire, and Otter Brook near
Keene, New Hampshire, Also included is an estimate of peak dis-
charges on Reaver Brook at Marlbhoro Street,
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TABLE B-8

FLOODS OF RECORD
Peak Flow (cis)

Ashuelot R. ~So. Branch Otter Bfopk Beaver Brook
at Gilsum,N, at Webb,N, near Keene, at Marlboro
He (71.1 sqe  H, (36.0 N.H, (h2.3  Street (9.5

Flood mio) ) 8Q. mio) 8Q. mio) 3Q. mio)
Nov. 1927 2,760 3,560 3,180 - 7
Apr, 193k 3,h90 1,010 3,020 - J
Mar, 1936 L,h00 3,880 3,580 900
Sep. 1938 5,220 5,960 6,130 2,200%y”
Nov. 1950 3,700 2,010 3,540 _ 500"
Oct. 1959 2,700 1,350 5,000% - 600%

Apr, 1960 2,800 2,290 2,00Q*' 600
3% Estimated Flow. | '

The Hovember 1927 flood resulted from rainfall of U to
5 inches falling on ground saturated from excessive rains during
the previous month. The April 193L flood combined heavy rains with
considerable snowmelt. The flood of March 1936 is the second largest
of record in the Ashuelot River watershed and resulted from two major
.rainstorms which, combined with heavy snowmelt, caused two major
rises in river stages only six days apart. The largest flood of
record occurred in September 1938 when a hurricane passed over the
watershed., Rainfall accompanying this storm combined with preci-
pitation of the previous three days totalled more than 10 inches,
The lovember 1950 flood was a result of 3 to L inches of intense
rainfall on previously wet ground. The October 1959 flood which
produced substantial peaks on the Branch and South Branch rivers,
was a result of about l inches of rain in 24 hours. The April 196C
. flood occurred when 3 to L inches of rain fell on snow with a high

water content. During this flood stages on lower Beaver Brook were al-
so affected by backwater from the Ashuelot River.

2. Beaver Brook. - A review oif the records of the City of
Keene reveals that flooding on Beaver Brook has been a recurring
problem since the earliest times. Pericdically, at five to ten-
year intervals since 1813, the brook has flooded extensive areas
from Beaver Street mouth to Main Street. The accounts of high
water in recent times since 1900 includes references to amounts of
rainfall and it appears that a rainfall of more than two inches in
2Li hours results in overbank flooding on the brock., Following is
a chronological list of damaging floods that have recently occurred
on Beaver Brook: WNovember 1927; March 1935; September 1938; Septem-
ber 19hli; November 1947; September 1955; October 1959; and April 1960,
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¢. Flood Profiles

High-water profiles in the lower end of Beaver Brook were
determined from field data following the floods of March 1936,
September 1938, and April 1960 and are shown on Plate B-5. The
high water of May 1960 was approximately bank-full capacity.

6. ANALYSIS OF FLOODS

a. Available Data

In addition to the U, S. Geological Survey gaging stations
noted in paragraph L, data on recent floods on the Ashuelot River
was available from staff gages at Swanzey and West Swanzey and a
non-recording Telemark gage near the mouth of the Branch. These
gages have been installed by the Corps of Engineers for use in the
operation of the existing Surry Mountain and Otter Brook Flood Con-
trol Dams. :

In order to more accurately determine the source of flows
discharging into the Keene Flood Plain and alse their effect on
river stages in the area, a system of 5 temporary recording river
gages has been established at selected locations. However, since
they were installed in October 1962, no significant discharges have
occurred that could be analyzed profitably,

b. Analysis

From previous studies for the existing flood control res-
ervoirs, it has been determined that the lower portion of Beaver
Brook ig in the flood plain of the Ashuelot River. This flood plain
is a large storage reach with its outflow at the dam in West Swanzey.
Analysis of the data from the Telemark gage indicates that, under
normal Ashuelot River flows, Beaver Brook stages are related to the
discharge in Beaver Brook. With increased flow in the Ashuelct
River, the storage reach begins to fill, and the rising Telemark
stages begin to show the effect of backwater. These higher stages
begin to back up.the lower end of Beaver Brook. The Beaver Brook
stages are now a combination of Ashuelot River stages and Beaver
Brook discharges. As indicated by the flood profile on Plate B-5,
the effect of the Ashuelot River backwater in a major flood can
extend up Beaver Brook to the viecinity of Roxbury Street.

In the reaches above Roxbury Street, the elevation and

gradient of the streambed are such that for all ranges of flow,
the stages are a function only of Beaver Brook discharges.
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During the September 1938 flood, it is estimated that 360
acres of residential and industrial properties along the brook were
imundated up to depths of five feet. In the recent April 1960
flood, about 60 acres were affected. '

¢. Discharge Rating Curves

In order to determine economic benefits along Beaver Brook,
it was divided into 6 damage zones {Zones I-VI), each with a respec~
tive discharge rating curve. :

In the lower areas (Zones I, II, III), rating curves that
represent parameters of flow on Beaver Brook versus Ashuelot River
conditions, were developed and are shown on. the upper portion of
Plate B-6. ‘ '

The discharges on Beaver Brook were determined from drain-
age area relationships with flows on Ctter Brook and South Branch,
while the stages on the Ashuelot River were based on steady-flow
conditions related to the peak discharges at West Swanzey.

d. Flood Frequencies

For use in ‘the economic analysis, discharge-frequency curves
were developed for the Ashuelot River at West Swanzey and for Beaver
Brook in accordance with procedures published in ER 1110-2-1450, "Hy-
drologic Frequency Estimates", dated 10 October 1962. The method
considers that the logarithmic value of annual peak flows are norm-
ally distributed, thereby permitting the application of standard
statistical analysis. This enables the discharge-frequency curve b
to be defined by its mean value and standard deviations, OStatis-
tical analysis of flood flows in New Fngland have indicated that
the data had a positive skewness. . :

The discharge frequency curve for the Ashuelot River at West
Swanzey was developed from a correlation with the statistical. analy-
sis of the U, S. G. S. gaging station at Hinsdale wherein a skew co-
efficient of 1.0 was used, This resulted in the flood of record,
(September 1938), having an annual chance of occurrence of 1.25 per-
cent, or an average recurrence interval of 80 years.

The discharge-frequency curve for Beaver Brook was derived
from correlations with gaging station records from the South Branch
and Otter Brook. Both of these stations also had discharge-frequency
curves with skew coefficients of 1.0. The statistical analysis re-
sulted in the September 1938 flood of record on Beaver Brook having
an annual chance of occurrence of about 0,75 percent or average re-
currence interval of 133 years.
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As noted previously, the flood stages in the lower portion
of Beaver Brook are a function of coincident flow from Beaver Brook
and backwater from the Ashuelot River., Therefore, a typical or
average stage-frequency curve was required for economic analysis
in the lower reaches., The most likely coincident conditions of flow
are also indicated on the plot of stage-discharge relationships shown
in the upver portion of Plate B-6, These curves vere derived from
the correlation of flows for each selected freguency. This was con-
sidered to be reasonable since the flood histories of the streams
are similar.

The water surface elevations under the most likely coincident
flow conditions are shown as natural stage-frequency curves cn the
lower portion of Plate B-6. Under the assumed conditions, the ex-
perienced 1938 flood elevations in the lower reaches of Beaver Brook
have an average recurrence interval of about 60 years. The deriva-
tions of the modified stage-frequency curves shown on Plate B-6 are
discussed in Paragraph 13 of this appendix.

7. EXISTING FLOOD CONTROL PROJECTS IN THE ASHUELOT RIVER WATERSHED

a« Surry Mountain Dam

The dam, which was completed in 1942, is located in the Towm
of Surry on the Ashuelot River about 6 miles upstream of the Faulkmer
and Colony Dam. It controls a drainage area of 100 square miles,
with the reservoir containing a flood control storage equivalent to
5.9 inches of runoff.

b. Otter Brook Dam

The dam, which was completed in 1958, is in the City of Keene
on Otter Brook about 5 miles upstream of the confluence of The Branch
and the Ashuelot River., It controls a drainage area of L7 square
miles with the reserveir containing a flood control storage equiva-
lent to 7.0 inches of runoff,

¢. Ashuelot River Channel Improvement

In 1954, the Corps of Engineers improved the channel of the
Ashuelot River in Keene by means of a clearing and snagging project
which increased allowable discharge rates from Surry Mountain Dam.,

d. Ash Swamp Brook Watershed Plan

Tn 1961, the Soil Conservation Service administered land
treatment measures and channel improvements on Ash Swamp Drook.
However, as there were no provisions for the impoundment of flows
on this stream, these improvements had no effect on the regulation
procedures of the reservoirs.
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8. AUTHORIZED FLOOD CONTROL PROJECTS

Honey Hill dam was anthorized in August 1941, but is presently
in an inactive status. The dam would be located in the Town of
Swanzey on the South Branch approximately 5.5 miles upstream of
the confluence with the Ashuelot River., It would conbtrol an area
of 70 square miles with the reservoir containing flood control stor-
age equivalent to 7.0 inches of runoff.

9. RECOMMENDED FLOOD GONTROL PROJECTS

B General

Methods of solving the flood problems in Keene resulting
from recurring high water on Beaver Brook were studied and included
the following: c¢hannel improvements, diversion and relocation of
Beaver Brook, flood plain zoning, evacuation and resettlement, chan-
nel improvements along the Ashuelot River, and modification of the
dam at West Swanzey. A discussion of these alternatives can be
found in paragraph 42 of the main report.

Construction of a dam and reservoir on Beaver Brook was
found to be the most practlcal solution to the flood prdblems along
Beaver Brook.

b. Beaver Brook Dam and Reservoir

The Beaver Brook damsite is located on Beaver Brook in the
City of Keene, about four miles upstream of its mouth and will con-
trol a drainage area of 5.98 square miles., The reservoir will be
multi~purpose with the storage used for flood control, recreation,
and if desired by local interests at a later date, for water sup~-
ply. Plate B~7 shows the area-capacity relationships of the pro-
posed reservoir.

1. TFlood Contrel Storage. - The reservoir will provide a
‘flood control storage of 2,750 acre-feet, eguivalent to 8.62 inches
of runoff,

2. Recreation - Water Supply Storage. - Upon completion of
the project, a pool with an area of 203 acres and storage of 3,000
acre-feet will be maintained for recreational purposes. At a fu-
ture date when local water supply needs increase, this storage
capacity may be used for water supply purposes. The amount of
storage prescribed was determined by a consulting firm for the City
of Keene after a thorough study of the present water supply system,
projected growth, and future water supply requirements. TFrom a
preliminary review of nearby discharge records, it has been esti-
mated that the 3,000 acre-feet of storage will provide a safe vield
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of 4.0 m.g.d. The following table contains pertinent data on the
proposed reservoir,

TABLE B-2

PERTINENT DATA

Ilevation Water Area Capacity

feet, msl Acres Acre~Feet  Inches
River Bed at S5ite 773 - - -
Recreation Pool Storage 811 203 3,000 9,10
Flood Control Storage - - 2,750 8,62

-
-—._J
o

Spillway Crest 822 18,02

1" RBunoff = 319 acre-~feet
10, SPILIWAY DESIGN FLOOD
1 General

The spillway design flood represents the runoff that would
result from the probable maximum precipitation falling on ground
saturated from previous rains. Concurrently, it is assumed that
the reservoir initially is filled to spillway crest as a result of
previous storms. Discharge through the ungated conduit is relatively
small, hence was neglected during routing computatlons to determine
the spillway design discharge.

g. Probable Maximum Precipitation

Values of rainfall for the spillway design flood were ob-
tained from Hydrometeorological Report Wo, 33, dated April 1965,
as prepared by the U, 8, Weather Bureau. The values were modified
according to design criteria discussed in OCE letter dated 10 April
196l concerning the Hop Brook Hydrology Design Memorandum. The
selected rainfall is about 80 percent of the all season average
probable maximum precipitation for 10 square miles, The distribu-
tion of the rainfall excess in shown in Table B-10. It was as-
sumed that the most intense &-hour rainfall was divided in two
3-hour amounts, with 67 percent in one 3-hour pericd and 33 per-
cent in the other 3-hour period. Rainfsll intensity during the
two 3~hour periods of the maximum é~hour total were assumed as
uniform. Losses from infiltration and surface detention were as-
sumed at a rate of 0.15 inches per 3 hours, which is consistent
with minimum losses determined in previous studies for the New
England area. '
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TABLE B-10

PROBABLE MAXIMUM PRECIPITATICN

Maximm ‘ Rainfall Rainfall

Time Precipitation Losses Excess Pattern

(Hours) (Inches) (Inches) (Inches) (Inches)

0 - - - -

3 11.85 0.15 11,70 c.lL5

6 5.85 0.15 5.70 0.L5

9 1,05 0,15 0,90 0,90
12 1.05 0.15 0.90. 5,70
15 0.60 0,15 0.45 11,70
18 0,30 0,15 Coli5 0.90
21 0.30 0.15 0.l45 0.L5
2h 0,30 0,15 0.45 O.L5
21.3 1.20 20,1 20.1

c. Unit Hydrograph

" The adopted three-hour unit hydrograph was determined from
analysis of streamflow records in the Ashuelot River watershed,
along with unit hydrographs for other small comparable dralnage
areas with similar runoff characteristics. The peak discharge of
the adopted unit hydrograph for the spillway design flood is 700
cfs, which is equivalent to 117 csm. Plate No. B-8 compares the
two-hour and three-hour unit hydrograph adopted for the spillway
design flood with the two-hour wnit hydrograph adopted for the
standard project flood.

d. Spiilway Design Flood

The spillway design flood inflow for Beaver Brook Reser-
volr was developed from the probable maximum precipitation and the
adopted unit hydrograph. The peak inflow of the spillway design
flood is 10,000 cfs, equivalent to about 1,670 csm. Assuming the
reservoir initially full to spillway crest from previous floods
and disregarding the relatively small fow through the cutlet,
the flood was routed through the reservoir. (see Plate B-9).
Standard ogee weirs, with lengths from 50 to 125 feet, were used
in the routing of the design flood., A 100-~foot spillway was adop-
ted as the most economical., Because of the significant surcharge
storage, the resulting discharge. peak was reduced to 6,000 cfs,
with a resulting surcharge of 6.3 -feet. The top of dam was es-
tablished at elevation 833 msl, providing li.7 feet of freeboard,
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1l. OUTLET WORKS
a. Genersl

The outlet for Beaver Brook Dam will consist of a concrete
conduit, approximately 5! x 5', with discharge controlled by an en-—
trance sluice gate locked in a partially open position. For pur-
poses of flood control operation, this arrangement is comparable to
an ungated and unattended detention structure. The size and capa-
city of the conduit will be adequate (1) to pass the normal flow
of the stream without using more than a minor portion of the flood
control storage; (2) to reduce flood flows so that the conduit dis-
charge will not sericusly affect Beaver Brook stages in downtown
areas of Keene; (3) to permit evacuation of the reservoir within
a reasonable time after a flood; (L) to pass a flood of reasonable
size during construction without requiring a cofferdam of excessive
height; (5) to inspect and maintain the conduit. A general plan
with profiles and sections of the outlet is shown on Plate C-2,

b. Water Supoly

A small conduit will be incorporsted in the larger con-
crete conduit and will carry future water needs through the danm,

12, STANDARD PROJECT FLOOD
a, General
A standard project flood on Beaver Brook was developed (1)
to show the effectiveness of the proposed reserveir, and (2) as a
basis for the design of alternative methods of flood control, such

as channel improvement, flood walls, diversion, etec,

b. Standard Project Storm

The standard project flood developed for the Beaver Brook
watershed is based on standard project storm rainfall as described
in Civil Engineer Bulletin No, 52-8 (dated 26 March 1952)., A
tabulation of 2-hour rainfall and rainfall excess is shown in Table
B-~1l.on the following page.

c. Unit Hydrograph

The two-unit hydrograph adopted for the standard project
flood inflow is about 85 percent of the comparable two-~hour unit
nydrograph used in developing the spillway design flood. It has
a giak value of 725 c¢fs, which is equivalent to 121 csm (see Plate
B""' -
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TABLE B~1l

STANDARD PROJECT STORM RAINFALL

ﬂ 2-Hour - Rainfall
Time Rainfall Losses Excess
{Hours)} (Inches) {Inches) (Inches)
O aln '.; -—
2 5.h 0,15 5.25
N 1.5 0.15 1,35
6 0.9 0.15 0.7%
8 0.6 0.15 0.h45
10 0.l 0.15 0.25
12 0.L 0.15 0.25
1 0.3 0.15 0,15
16 0.3 0,15 0,15
18 0.2 0,15 0.05
20 0,2 0.15 0,05
20 0.1 0.10 -
2l 0.1 0.10 -
TOTAL 10.4 1.70 8.7

d. Standard Project Flood

The peak inflow of the standard project flood, as developed
from the unit hydrograph and the standard project storm rainfall, is
b,500 cfs, equivalent to 750 csm.

13, EFFECT OF RESERVOIR REGULATION

a. General

Since the sluice gate in the flood control outlet will be
pre-set and locked, the reservoir will act as an automatic deten-
tion basin. The reservoir will be regulated to provide a high de-
gree of protection from all floods on Beaver Brook from the damsite
downstream to the vicinity of Roxbury Street. Further downstream
on Beaver Brook, discharges will be reduced from 75% to 60%. The
effect of these discharge reductions on water surface elevations
varies with Ashuelot River stages. The effect of the reservoir on
the Ashuelot River and Connecticut River is small and was con-
sidered proportional to reductions provided by Ctter Brook Reser-~
voir on a drainage area relationship.

Plate B-5 shows the effect of the reservoir on the April
1940 high water profile in the lower reaches of Beaver Brook.
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Routings of the record flood of September 1938 and the
Standard Project Flood indicated the storage capacity in the res-
ervoir will be adequate. Plate B-10 shows the effect of the res-
ervolr on these two floods,.

.g. Reductions

The determination of average reductions as measured by a
typical flood was required for the derivation of annual benefits
to the project. The proposed dam and reservoir will reduce peak
discharges about 60 percent in the lower reaches of Beaver Brook.
To obtain the modified stages in the reaches affected by backwater
from the Ashuelot River, it was alsc necessary to determine average
reductions on the main river. However, in the determination of the
benefits attributed to the Beaver Brook project, the reductions were
taken last in a series of reservoirs which included Surry Mt., Otter
Brook, and the avthorized Honey Hill project. The systems were
analyzed and the resultant peak discharge percent reduction of a
typical flood are shown in the following tabulation.

TABLE B-12

PERCENT REDUCTIONS OF NATURAL PEAK FLOWS
ASHUELOT RIVER AT WEST SWANZEY

Reductions
Reservoir Systems in Percent
Existing Surry Mb. and Otter Brook Lo
Surry Mt., Otter Brook, and Beaver Brook
Surry Mt., Otter Brook, and Honey Hill (auth.) 59

Surry Mt., Otter Brook, Honey Hill and Beaver Brook 60.L

The above percentages were used to modify the flows for
selected frequencies on the Ashuelot River as assumed for the co-
incident natural conditions. The modified discharges were combined
with the modified flows on Beaver Brook and applied to the stage~-
discharge relationship indicated on the upper section of Plate B-6.
The resultant elevations wers used to plot the modified stage-
frequency relationships indicated on the lower sections of Plate
B~5. The effect of Beaver Brook on the Connecticut River was
computed assuming it was the last added in a system of 17 reser-
voirs. Incremental reductions assigned to Beaver Brook were small
and were considered proportional to reductions provided by Otter
Brook Reservoir on a drainage-area relationship.
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1. HYDROLOGIC EQUIPMENT

a. Pool Recorder

Tn accordance with M 1110-2-3600, Reservoir Regulation,
a pool stage recorder will be installed at Beaver Brook Dam. In
the absence of a gate tower and float well, a bubble gage similar
to the type developed by the U. S. Geological Survey will be in-
stalled.

b. Radio Gage

Releases from Surry Mountain and Otter Brook Reservoirs
w1l be coordinated with the outflows from the unattended Beaver
Brook Dam, Since the dam will be unattended, a battery-operated
radio transmitter will be insballed which will send "on command®
pool stages to both Reservoir Regulation Section and the operator
at Surry Mountain Dam. This arrangement will provide a reliable
means of gathering this data, especially during severe storms when

normal facilities frequently are disrupted.
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APPENDIX C
PROJEZCT DESCRIPTINN AND COSTS

1, PROJECT DESCRIPTION

a. Ceneral. The recommended multiple-purpose dam and reser-
voir would Include flood control, a permanent recreation pool,
fish and wildlife conservation, and future water supply. The prine
cipal construction features will consist of a dam and reservoir, a
concrete chute-type spillway, gated but uncontrolled outlet works,
relocation of State Highway Route 10 and a water supply condult for
future use., In addition, a water control structure will be located
in the upper reaches of the reservolr in order to mitigate losses
to waterfowl caused by inundation of an existing 25-acre wetland
habitat. Pertinent data for the reccmmended plan is shown in Table
NO. 0"1. o ) - .

b. Reservoir, The dam and ressrvoir provides control for a
drainage area of six square miles, The rsservcir at spillway crest
elevation 822 m.s.l. would have a total storage capacity of 5,750
scre-feet and would be about 2,5 miles long with a surface area of
approximately 310 acres. A permanent pool for recresation and future
water supply maintained at elevation 811 feet, m.s.1. would have a
surface area of 203 acres and a storage capacity of 3,000 acre-feet,
eqiivalent to 9.4 inches of runocff, The remaiming 2,750 acre-feet
or 8,6 inches of runoff would be reserved for flood control. The
limits of the reserveir as well as the drainage area are shown on
Plaste No, Cwl,

c. Dam and Spillway. The Bsaver Brook dam site is located
about 2,5 miles north of the center of Keene, New Hampshire, and
1,100 feet upstream from where State Highway Route 9§ crosses
Beaver Brook., The dam would be constructed of compacted earth
fi11s with rock slope protection on upstream and downstream slopes
and would be gpproximately $50 feet long, 60 feet high at the
stream bed, with a top elevation of 833 feet, mean sea level. The
top of dam to be 20 feet wide would afford a 16-foot roadway to
the spillway from the access rcad, A chute-type spillway with a
concrete ogee weir 100 feet in length at creat elevation 822 feet,
MeS.1., would be constructed on rock in the west abutment of the
dam, The spillway is capable of passing a peak discharge of 6,000
cubic feet per second with a surcharge of 6.3 feet and L.7 feet of
fresboard between maximum water level and the top of dam. A plan
view and section of the dam is shown on Flate No. C=2,

Cc-1



d. Outlet Works. The outiet works would consist of a
cast-in-place rectangular concrete conduit 5 feet wide by 5
feet high, gated but with a fixed control at the intake struc-
ture, The size and capacity of the concrete box conduit will
be adequate to use for diversion of the stream during construc-
tion, and to pass a flood of reasonable size during construction,
A 5' x 51 zate is provided forward of the box conduit, This gate
will be set to conbrol discharges dowmstream during flood periods,
An overflow weir with stoplogs would be provided at the intake
structure to maintain the permanent recreation pool at elevation
811 feet, mean sea level., A gated 2h-inch pipe with a box inlet
upstream of the intske structure will act as a low flow outlet
and draw=-down. A section of the outlet works and conduit is
shownt on Plate No, C-2, -

Q. Water Supply. Provisions for future water supply include
dual-level, gate-valved intake pipes which would connect inside
the intake structure to the water supply line provided in the con-
duit outlet. The 24" water supply line would be plugged until
such time as the city desires to convert the recreation pool to
water supply use, Sections of the pipeline are shown on Plate
No. C~-2. ‘ .

f. Relocations. Construction of the project requires the
relocation of about 2.6 miles of Route 10 presemtly located in the
reservoir area, as well as a new intersection with Sullivan Road.

A section of Belvedere Road will be relocated to provide access to
farms west of the reservoir from the existing Route 10, Utilities,
congisting of telephone and 2L,00-volt electric power lines along
Route 10 and Sullivan Road would also be relocated. In addition,
& 115 KV transmission line which crosses the reservoir area about
1,200 feet upstream of the dam will be relocated south of the dam
site. The approximate location of the relocated Route 10 is shown
on Plate No, C-1, o

g2« Water Control Structure. A water control structure located
about 2,2 miles north of the dam is provided to compensate for the
loss of an existing waterfowl refuge which will be inundated by the
reservoir, The structure would create a pool with a surface ares
of approximately 50 acres at elevation 826 feet, mean sea level,
and impound about 175 acre-feet of storage. The pool. would be con-
trolled by an overflow box inlet structure and a 36-inch bituminous
coated corrugated metal pipe outlet to pass normal flows. An 80
foot grass spillway set at elevation 826.5 feet, mean sea level,
will be located along the left bank of the structure to handle
flood flows., The impoundment would be constructed of rolled earth
fill with a grassed top and side slopes. The structure which lies

Cm2
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well upstream of the maln dam, and relocated Route 10, has been
designed in accordance with EM 1110-2-1101, The structure is
considered expendable in the event of a rare flood since it's
fallure will effect no loss of life, or property. I would be
spproxinately 430 feet long, 11 feet high at the stream bed,

and have a top width of 20 feet at elevation 828 feet, mean ser
level datum, The side slopes will be 1 verticsl on 3 horizontal
for the upstream slope, and 1 vertical on 2,5 horizontal for the
lownstream side,

h. Recreation. Land and water areas in and adjacent to
the reservoir will be allocated to recreational activities and
fish and wildlife conservation., Initial facilities contemplated
include swimming, plenicking, boating, fishing, and other water-
oriented uses, General recreation is discussed in Appendix E.

i. Real Estate, The land and improvements to be acquired
in fee for all water resource project purposes, estimated at 730
acres, consists of an area bounded by the flood control pool at
maximum surcharge elevation 828 mean sea level, Areas required
for the construction of the dam and appurtenant structures, the
work and borrow areas, and the relocation of Route 10 are also
included. Details and estimates of real estate costs are in-
cluded in Appendix D.



~ TABLE NO,

 PERTINENT DATA

BEAVER BROOK DAM AND RESERVOIR .

Drainaze Area

Dam
Type

Top elevation
Top width
Maximm height
Length

Upstream slope
Dovmstream slope

Spillway

Type

Peak design flood inflow
Peak design flood outflow
Crest elevation

Crest length

Surcharge

Freeboard

Outlet Works and Intake Structure

Cutlet con‘uit
Intake structure

Low~flow outlet

Water supply line
Sluice gates

Water supply gate valves

Storage Capacities

Recreation and water éupply
Flood control

Total

6 square miles

Rolled earth fill with rock
slope protection
833 feet, m.s.l.
20 feet
60 feet
980 feet
1 vertical on 3 horizontal
1 vertical on 2.5 horizontal

Concrete cgee weir
110,000 c.f.s.
6,000 c.f.s.
g22 feet, m.s.l.
100 feet
- 6.3 feet
L.,7 feet

Gated 5' x 5' concrete box

15' x 15' x 45! high concrete
structure with overflow welir

24" R.C. Pipe

2" R.C. Pipe (two level intake)

5" x 5% and 2! x 2!

2 - 2un

3,000 acre-feet

2,750 acre-feet

S,TSO-acre-féet

¢



TABLE NC, C-1 (Cont'd)

Water Surface Elevations and Areas

Recreation and
vater supply pool
Flood control

Faximum curcharge

Stream Flow at Dam Site

Maximum recorded discharge
Average discharge

Storm of April 1960

Storm of September 1938

Upstream Water Control Structure

Type

Top elevation

Water surface elevation & area

Top width

Maximum height

Length

Upstream slope
Downstream slope

Storage capacity
Overflow and outlet works

Grags Spillway (left bank)

Construction Period

Beaver Brook Project

Flev. 811 - 203 acres
Flev, 822 - 310 acres
Elev. 828.,3 ~ L10 acres

1,800 c.f,.s.
9 ¢c.f.8,

4O0 c.f. 8.
1,800 c¢.f.s.

Rolled earth fill with grassed

top and slopes

828 feet, m.s.l.

826 feet, m.s.l. - 50 acres
20 feat

11 feet

L30 feet

1l vertical on 3 horizontal

1 vertical on 2.5 horizontal

175 acre-feet

Cverflow box inlet structure
and 36~inch BCCM pipe

80 feet, 826,5 feet, m.s.l.

" 2 years



2. GEOLOGY

a. General. The valley of Beaver Brook is phy8109raphlcally
located within the New England Upland in a maturely dissected
region of moderately high relief. Glaciation has modified the pre-
glacial bedrock topography by erosion and more so by dumped and
ocutwashed deposition of glacial debris from moving and stagnant ice
masses. Glacial till, a heterogeneous product of direct deposition,
generally blankets the bedrock surface and occasicnally in the area
has been molded into low hill features known as drumlins. The east-
west valley of the Ashuelot River to the north was dammed by glacial
till masses creating a temporary glacial lake which may have spilled
over the present divide into the north-south valley of Beaver Brook.
The till in the lower sides of the valley of Beaver Brook is overw
lain by remnants of gravelly terraces which were built by melt water
streams flowing beside tongues of ice.

The bedrocks of the region are principally Devonian in age
and largely consist of granite and gneiss, Mica schist of the
Littleton Formation narrowly fingers between these rocks along the
valley of Beaver Brock and this zone of rock contacts may account
for a largely structural crigin of the valley.

Bodles of pegmatite, very coarse grained granite contain-
ing large to giant size crystals of feldspar and often rich in.
beryl and sheet mica, frequently ocecur intrusive in the country
rocks of this area. 'There are numerous mines in the pegmatites,
but there are no known operations or prospects that would be af-
fected by the construction of the reservoir,

b. Foundations and Materials Investlgatlons. Subsurface ex-
plorations to determine foundation conditions, in peneral, have
consisted of 35 test borings continuously drive-sampled in over-
burden to recover 2-1/2-inch c¢iameter samples and core-drilled into
bedrock where encountered a minirum penetration of 20 feet for re-
covery of NX (2-1/8-1nch) diameter cores, Other subsurface ex-
ploration was made by trenching the overburden face of the existing
highway cut on the near right abutment. The layout of explorations
is shown on Plate No. C-3 together with a geologic-log section along
the centerline of dam.

Subgurface explorations made for borrow sources of natural
materials for construction of dar embankment have consisted of test
borings and trenches. Random and impervious materials will be
available from required excavations and from an area on the left
abutment immediately upstream of the embankment. Investigation for
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sources of vervious materials within the reservoir and beyond has
been accomplished by geologic reconnaissance. :

¢. .Site Geology., The highway at the.site cuts the near right

abutment Jjust above the brook valley exposing up to about 20 feet
of glacial till or till-like material. The topography beyond the
top of highway cut is knobby but, in general, is terrace-like for
a distance of about 500 feet westerly where elevation is attained
~on the main wall of the valley for tie of embankment. Bedrock is
not exposed on the right abutment within limits of the siting, but
is indicated at very shallow depth by a knob of detached blocks
about 350 feet north or upstream of the spillway. Glacial till
(compact, silty or clayey, gravelly sand) directly overlies the
rock surface except for evidences of localized water-laid deposi-
tion in the far right abutment area in the vicinity of the spill-
way. The knobbly surface of the right sbutment appears to repre-
sent superficial dumping of glacisl debris consisting of mixed
materials, partly reworked and sorted and containing numerous
scattered and nested boulders and surface blocks up to 30 cubic
yards in size,

The cverburden of the stream section and left abutment is
.glacial till at or very near the ground surface. Boulders are
prevalent, but size and concentrations do not compare with the
supericial condition on the right abutment. Bedrock (schist)
cuterops in the stream bed aboul 200 feet downstream of the cen~
terline of dam at the remains of an old stone dam and about 500
feet upstream on the left bank of the brook. The orientation
of the schist foliation is essentially that of the trend of the
brook valley. These outerops and intervening borings along the
conduit alignments show the rock surface to be at no greater
denth than about 20 feet in the stream section throughout this
rsach.

d. Foundation Conditions., The compact, impervious nature
of the glacial till and its prevalent occurrence near ground sur-
face accessibly provides firm foundation for embankment and con-
duit and & material to which cutoff can accessibly be made for
control of under-seepage under the main embankment. The intake
control tower will be founded in the schist bedrock,

Available geologic mapping indicates the schist bedrock to
underlie the right abutment., However, explorations in the spill~
way area within their depth penetrations have encountered only
pegmatite (very coarse-grained granite). The pegmatite, as indicated
by recoveries and condition of core samples, should provide firm and
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tight foundation for the weir struéture with little or no prepara-
tory excavation or groutdng. 7The excavation for spillway discharge
channel will be bottomed and partlally gided in rock for varying
but generally shallow depths for some distarce beyond the toe of

~ embankment.

e. Reservoir Leakage, There are no low divides on the limits
of the reservoir that require diking. The sides and extremity of
the reservoir rise mountainously above maximum flood pool and are
faced by exposed bedrock or glacial till over the rock, Cutoff to
impervious glacial till will be made under the dam embankment in
its major ~sections.

f. Construction Materials. Compacted fills of impervious
and random type materials constitute the bulk of dam embankment.
These materials are available as glacial till, upper weathered till
or till-like materials and other near surface materials. Excava-
tions for spillway approach and dischdrge channels will provide
some of the required natural materials and the major portion of
impervious material will be handily borrowed from the left abut-
ment area just upstream of the dam. -

Pervious fill material is required for drainage zones in
the dam embaniment. Sand and gravels principally occur in the
valley of Beaver Brook as terrace remmants on the lower right
wall., These deposits have largely been depleted for highway con-
struction, but portions are preserved a short distance upstream
of the damsite under the present highway which will be relocated.
Similar deposits occur in the extremity of the reservoir about
three miles north and potential major scurces are located in the
Ashuelot Valley to the north at a haul distance of about six miles.

Rock for embankment f£ill and slope protection will be
partially provided from excavation for the spillway discharge
channel, - Relatively shallow excavation will be involved for the
most part and with consideration to occurrence of weathered sur-
faces and pockets, some areas will produce 1little suitable rock.
Subsurface explorations indicate that pegmatite will predominate
and, although a competent rock insitu, its large crystal struce-
ture and particularly heavy micaceous zones will tend to easy
breakdown from blasting and during handling and placement. It,
therefore, may be necessary to go to borrow for rock suitable as
upstream slope protection. Some suitable rock may be selectively
obtained from required excavation dnd by breaking of boulders and
blocks encountered in stripping and overburden excavation. Ex-
cavations for relocation of the highway may provide surplus rock
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that could be selectively stockpiled for use. There are no active
or abandoned stone quarries in the area, Excellent quality rock
{;nelss removed in rehabilitation of the snmlluaj for Surry Moun-
tain Dam is spoiled in gresat guantity in that reservoir sbout four
miles airline distance ncrthwest of the Beaver Brook site. The
spoil pile is roughly graded and covered with sandfill and the

-minimum haul route of about eight miles requires travel through

the northern section of the City of Keene. ' Hock nartlf exposed
in old borrow pits in the terrace remnants upstream of the dam
could be further economlcally exposed for quarrvmng by borrow1ng
of remaining pervious materials.

Processed materials for gravel bedding and concrete ag

gregates are available from commercial plants located in Keene

and in Walpole, New Hampshire, at a maximum haul distance of
about 20 miles, Aggregates from both sources have besn tested
and used in civil works construction. In connection with con-
crebe materisls, there are four commercial sources of processed

sand and gravel within a twenty-five (25) mile haul distance of

the project site. Of these sources, three have been previously
tested and approved for Civil Works construction. A reinvastiga-
tion of the prevmously approved sources to determine their status
and plant prices and complete investigation of additional potential
sources of concrete aggregate will be performed during the desigm
studies of the project.

3. TMBANKMENT AND FOUNDATTONS

a. General., Design and enginéering studies have been made
to the extent considered necessary for this report relative to the

'[founqatlon, embankment and earthwork, A program of investigations
consisting of subsurface explorations, field reconnaissance and
laboratory investigations, including shear tests, has been made to

determine: (1) the characteristics of the foundation soils for
the proposed -embankment: (2) the characteristics and extent of the
materials to be excavated; and-(3) the characteristics and avail-
ability of a potential source of borrow material. The location of
the subsurface explorations performed are shown on Plate No. C-3.
The site geology of the. area is described in paragraph 2 of this
appendix, o ‘

‘b. Characteristics of Moundation Soils. The overburden with
the embankment foundation area consists generally of a gray, com-
pact to very compact glacial till deposit which, in the valley
botton and on the right abutment, is capped by variable sands and
gravels, Within a limited reach of the right abutment, however,
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the glacial till deposit is discontinuous and the variable sands
and gravels overlie the bedrock directly. Although there is a
pocket as deep as 25 feet in the valley, the thickness of the
overburden in the valley and at lower elevations on the left
abutment is generally less than 10 feet, However, at higher
elevations on the left abutment, the thickness is in excess of
26 feet. The thickness of the overburden on the right abutment
ranges from about 3 feet near the extreme right limit of the
abutment to a thickness in excess of 35 feet in the major por-
tion of the abutment. There are a substantial number of large
surface boulders on the right abutment and scattered surface
boulders and cobbles occur throughout the remainder of the area
but are more concentrated in the valley bottom, .The overburden
contains cobbles and boulders and is generally covered by about
one foot of topsoil except in the valley, where topsoil and minor
organic depogits may occur to depths of up to 3 feet.

The materials in the glacial 411l deposit have gravel
contents of less than 20 percent and fine contents ranging from
35 to 55 percent of the component passing the No. L Sieve. The
naterials are generally slightly plastic having liquid limits
ranging from 21 to 2L and plastic limits of from 1L to 18. The
variable sands and gravels which cap the glacial till or bedrock
directly, vary in thickness from about 7 feet in the valley sec-
tion into a maximum of about 17 feet on portions of the right
abutment. This capping, consisting of gravelly silty sands and
silty sands and gravels, has gravel contents of from O to 50 -
percent and fine contents of from 10 to LO percent of the com-
ponent passing the No. L Sieve,

With the exception of surficial materials, which will be
removed, there are no soft or low shear strength materials and it
is estimated that foundation materials will have shear strength
parameters in excess of # = 30° and C = 0 TSF for all conditions,

¢c. Characteristics of HEmbankment Materials.

(1) Materials from required excavations

(a) Cverburden. The materials from the required
excavations which will become available for embankment construc-
tion will consist of soil from excavations for the foundation cut-
off and spillway. Preliminary studies indicate that the material
from these excavations will consist of variable gravelly silty
sands and more uniform soil from the glacial till deposit. The
variable sands occur predominantly within the approach channel of
the spillway and as a capping over the glacial till deposit in
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the discharge channel and right abutment areas and are similar o
those encountered in the foundation area as described previcusly.
Material in the glacial till deposit is similar to-that encountered
within the foundation srea of the embankment as descrived previously.

{b) Rock. The reguired rock excavabion from the
spillway channel is expected tc be suitable for rock slope protec-
tion and rock fill after processing except that it may not be
suitable for rock slope protection on a portion of the upstream
slope of the embankment. Current estimates indicate that the’
quantity of required rock excavation will not be sufficient to
meet the requirements of the embankment. It is considered that
the additional required rock, as necessary, might be provided by
adjustments in the grades and widths of the spillway channel. If
necessary, suitable rock can be obtained by quarrying in undeveloped
sources in the Beaver Brook valley within a few miles of the dam
site or by processing high quality stone material in & government-
owned spoil pile located at a haul distance of about 8 miles.

(2) Borrow Materials

(a) General. . Explorations indicate that the quantity
of meterials from the required earth excavations, although signi-
ficant, will not be sufficient to complete the embankment. Recon-
naissance and explorations made to locate a source of borrow dis-
closed that the glacial till deposit encountered in the embankment
foundation and spillway areas extends upstream of the left abutment.
Investigations determined that the bulk of the material in this
area is similar ‘o the glacial 1till material available from re-
quired excavations and therefore is suitable for impervious bor-
T'OW. : '

(b) Gravel Bedding and Embankment Drainage Materials,
A reconnaissance of tne Beaver Brook valley has indicated that al~
though some deposits do exist from which gravel bedding and embank-
ment drainage materials could be obtained, none of these are capable
of economical development as borrow sources. Materials sunitable
for use as gravel bedding and embankment drainage materials are
available from commercislly developed pits located within 20 miles
of the site and from undeveloped sources in the Ashuelot valley
within a haul distance of 6 miles,

d. ZImbankment Design. The design of the embankment was in-
fluenced in large measure by the quantity and the difference in
characteristics hetween the glacial till and variable sands avail-
able from required excavations and an economical borrow source of
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glacial till, On the basis of their characteristios, particularly
with respect tc permeability, the glacial till and variable sands
will be ubilized as impervious and random fill materlals, respec~
tively, in the embankment,

The selected section for the dam embankment, shown on
Plate lo. C-2, consists of a large zone of impervious fill with a
foundation cutoff, a random £ill zone, a downstream inclined drain-
age zone, a smell dowmstream rock toe and upstream and downstream
rock slope protection., This section was selected to utilize to
the maximum extent possible, without stockpiling, the variable
sands and material from the glacial till deposit available from
reguired excavations and to minimize the use of more costly bor-
row materials, Detailed estimates of materials to be obtained
from required excavations may necesgitate some revisions to the
internal zoning of the embankment during final design., From
laboratory investigations and preliminary studies, it is con-
sidered that a downstream slope of 1 on 2.5 and an upstream
siope of 1 on 3 (with a service road berm) will provide a stable
embaniment under all conditions of reservoir operation. The
selected slopes, however, are considered tentative pending final
design studies. Seepage through the embankment will be controlled
by the arrangement of the random and impervious zones, the ine-
clined downstream drainage zone and downstream rockfill toe. The
location and size of the downstream drainage zone was selected so
as to provide sufficient area for the placement of adjacent fills
expeditiously and to intercept seepage well within the embankment.
Seepage through the foundation will be controlled by the founda-
tion cutoff extending to bedrock in a liwmited reach of the wvalley
and extending through surficial variable materials into the glacial
till deposit in other reaches.,

e. Foundation Design for Concrete Structures. The foundation
for the concrete structures for the project will be either bedrock’
or compact glacial till. The foundation for the spillway welr, in-
take and outlet structures will be founded on bedrock. The outlet
works conduit will be founded on compact glacial till material.

No significant settlements are expected to occur in the founda-
tions of concrete structures founded on these materials,

i, OTHER PLANS STUDIED

a. Lecal Protection of High Damage Areas, Local protection
measures for fleod conirol would involve channel widening and chan-
nel improvement of the brook all the way through the city. Studies
reveal that local protection of concentrated loss areas is imprac-
ticable as an alternative to a flood control dam.
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be Channel Improvement of Beaver Brook., FEstimates of anmual
benefits of this mesns of protection are about 70% of those for a
ressrvoir preject. The eest of such messures, including channel
excavation, flood walls, earth dikes, riprap, drainage modifica~-
tions, pumping statione, and the replacing of some 10 bridges are
in excess of that for a flood contrel dam, Such a plan of improve-
‘ment would also result in major disruption of the natural regimen
of the city by requiring about 21 acres of residential, commercial
and industrial properties, and acequiring several buildings within
the limits of the protection works. In addition, there would be
no downstream beneflts to other localities from such a plan,

_ ce Diversion of Beaver Brook. Diversion of flood flows from
- Beaver Brook westerly intc the Ashuelot River, or easterly into
Otter Brook Reservolir is possible, but either of these diversions
would be more costly than the reccrmended plan., A westerly diver
sion would have adverss effect as increase flows in the Ashmelot
River would exceed the channel ecapacity through this part of the

' Clty and, in addition, would net reduce the effect of Ashmelot
River backwater, An easterly diversion would reduce the storage
effectiveness of Ctter Brook Reservoir,

d, Modifiecation of the Dam at West Swanzey, The hydramlic
gradient of the Ashuelot 1s Tlat for & considersble distance be-
low Keene, Hydraulic analysis revesls that modification of the
dam at the downstream neighboring Town of Swanzey would have
minor effect on the flood stages in the Keene flood plain and
could not be justified, ‘ '

6, Channel Improvement of the Ashuelot River, Consideration

was also given to %omﬂ'ﬁé\%ﬁe channel. gradient of the Ashuelot
River so that a higher rate of drainage and discharge could occur
from tributaries emptying into the Keene flood plain, It would
involve deepening the channel bed of the Ashuelot from Keene more
than 20 miles downstream, The cost would be prohibitive and the
plan of improvement would have no downstresm benefits since in-
creased discharges would cause greater losses along the Connecti-
cut River,

5. COST ESTIMATES

- a, Basis of Estimate, Tepegraphic maps of the U, S, Geolog-
ical Survey were supplemented by topegraphic surveys (2' centour
interval) of the dam and reservoir sress., Foundation conditions
were determined by subsurfece explorations and field reconnaissance.
Quantities of the principal construction items were estimated on
the basis of design plans which would provide safe and adequate
structures for the given conditions and hydraulic criteris. Unit
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prices are based on average bid prices adjusted to June 1966 price
level for similar work in. the New England eree.:wr'f

b L] : 1
gencles, construction end relocation costs have: been increased by -
15 percent rather than customary 25% owing to the extensive topo- -
graphic and exploratory data accomplished, .-The costs of engineer~ -
ing, design, supervision and administration have been based on
knowledge of the site and. experience on. similar proJecte.'--‘

¢. Annual Charggs. The eetimate or rbderal and Non-Federel
annual charges was based on an annual interest rate of 3-1/8 per-
gent plus the amount required to amortize the investment over the
assumed 100-year life of the proaect. The . inveatmenteeqnals the. .
first -cost :since no-interast:'charge. accrues..during:-the:estimated
construction: period-of-two.years. - An allowance was made for main-
‘tenance and operation of the project and recreation facilities and:
for interim replacement of equipment having an estimated life of
less than 100 years. No allowance was made for net loss of prom
ductivity of land since the real estate evaluation of lands includes

an item for severance damage caused (1) as a result of partial ‘tak-

ing of some properties and (2) by loss in value to some propertiea
attributable to a reduction in utility of the remainder. Loss of
taxes on land in Keene and Gilsum was not included as it is expec- -
ted that enhancement of lands along the periphery of the proposed
regervolr will offset any tax loss on land to be inundated.

d, Cost Egtimates. A breakdown of costs of property and
damages is given in Appendix D, A detailed cost eatimate of the
major construction items is given in Table No. Ce2." A summary
©f construction expenditures and snnual charges is given in Table
No. C-3. Allocation of costs among project purpciées, made by the
separable costs-remaining benefit method, is shown in Table No.
C-l. The initial apportionment of project costs between Federal
and non-Federal lnterests based upon present applicable laws and
regulatione governing cost-sharing practices is given in Table No.
C-5 indicating that the Federal Government would contribute toward
the cost of lands, deamages, and highway and utility relocations
allocated to the project purpose of recreation. These cosats have
been adjusted to be the responsibility of non-Federal interests
and & llke amount is credited toward the non-Federal share of the
apportioned water supply costs as shown in- Table No. 0-6.

6. PROJECT FORMULATION
a. Qeneral., The Beaver Brook project provides the most prac-

ticable and economic means for development of the water resources
potential of the watershed. 'The evaluation of alternative plans
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provides a basis for determining maximum net tangible benefits
and provides a rationale for the project selected as the most ef-
fective development. Analysis indicated that construction of a
single purpose flood control dam would not utilize maximum net
“benefits and that inclusion of recreation as a purpose would ac-
erue additional benefits to the project. The aity of Keene has
ample water supply at the present time; however, population and
growth projections indicate there will be a need for additional
water supply in the future. The added potential afforded by
future conversion of the recreation pool to water supply storage
provides an optimum plan of development at reasonable cost.
Provisions for fish and wildlife conservation are included in
the project. A comparison of allocated costs and benefits ac-
eruing to project purposes in the recommended plan indicates

that egch project purpose is amply Jjustified as shown in Table
'NO. C' [

b. Establishment of Project Purposes.

(1) Flood Control. The primary Federal interest in the
construction of a multiple-purpose dam and reservoir on Beaver
Brook 1is for the control of destructive flood damage in the urban
aregas of Keene, New Hampshire. Project formulation for flood
control has been developed in accordance with Paragraph 1-TTb of
EM 1120-2-101. Preliminary studies indicate that 8.6 inches of
flood control storage, or 2,750 acre-feet, would effectively con=-
trol the standard project flood along Beaver Brook in the city of
Keene and is Justified in the multiple-purpose development.
Average annual benefits attributable to flood control were com=
puted for the Beaver Brook project acting after the completed
Surry Mountein and Otter Brook Reservoirs. These benefits amount
to $113,600 as shown in Table No. A~V of Appendix A.

(2) water Supply. The need for additional water supply
storage for municlpal use is described in the report of the Federal
Water Pollution Control Administration included in Appendix F.

The drought conditions which currently prevail in this section of
the country substantiate this need for inclusion of water supply
as a project purpose. The inclusion of future water supply fea-
tures was requested by the city of Keene. Although Keene has suf-
ficient supply for present needs, consultants have concluded that
the yield from ground water supply will be inadequate to meet
future needs. Other alternate sources cof water supply are con-
sldered to be of poorer quality than Beaver Brook.

Anticipated future demands are such that water supply pro-
visions in the multiple~-purpose dam are considered of prime impor-
tance. Water supply storage, in the alternate projects investigated,
was varied to yleld from 2.5 mgd (4.0 efs) to 5.3 mgd (8.5 cfs) with
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8 98-year dependability. Because the project life is 100 years, a
98-year dependability is equivalent to a 98 percent dependable
yield. Plate B-li (yield curves) was used to determine the amount
of storage for the various assumed yields. Dead storage of 200
acre-feet was included in all projects studied to allow space for
sediment deposition behind the dam. The discounted or average an=-
nual water supply benefits based on use of the pool from project
year 20 to project year 100 amount to $20,100 annually and were
derived as shown in Tabls Ne, C-8.

(3) Recreation. The recreational evaluation of the recom-
mended plan is described in Appendix E. If the permanent pool is.
converted from recreational use to domestic water supply use (cur-
rently estimated at year 20), then visitation is expected to drop
from 53,500 to 30,800 visitor-days annually. This use reduction
would be caused by current State policy which does not permit
water contact activities (swimming, motorized boating) in domestic
wvater supply reservoirs. With water supply included, use or recrea-
tion facilities would be limited to picnicking, fishing, small boat-
ing and hiking. In either instance, costs and benefits for
recreational development would be the same for the range of all pool
areas studied. In the alternative purpose reservoir, not including
provisions for future water supply storage, recreational benefits
are not discounted but are taken for the full project life bf the
reservolir. Total recreation benefits include general recreation
as well as fishery benefits attributable to lake fishing.

c. Project Formulation. A total of 25 combinations of varying
flood control storages and water supply yields were evaluated in
order tc maximize net benefits for the project. A listing of the
flood control storages and water supply ylelds used, is as follows:

Flood Control Storages Water Supply Yields

4" 1276 Acre-Feet 2.5 mgd 800 Acre-Feet -
6" 1914 Acre-Feet 3.0 mgd 1300 Acre-Feet
8" 2652 Acre-Feet 4.0 mgd 2200 Acre-Feet
8.6" 2750 Acre~Feet ' L4 mgd 2800 Acre-Feet
10" 3190 Acre-Feet 5.3 mgd U550 Acre-Feet
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Costs, benefits and excess of benefits over costs were derived for
all 25 plans. A graphic representation of the analysis is shown on
Flate No. C-T of this appendix. The various water supply yields are
plotted as functions of flood control atorage vs. esxcess benefits.
'The curves indicate that the point of maximization of net benefits
would be achieved with a reservoir containing approximately 8.6
inches of flood control storage and water supply capable of yielding
4.0 million gallons per day (mgd). A 98 percent dependable safe
yield of 4,0 mgd will increase the existing supply to meet the peak
demand of 11.0 mgd in the year 2010 as shown in the report of the
Department of the Interior, Federal Water Pollution Control Adminis-
tration included as Exhibit No, F-=12 of Appendix F.

In order to evaluate the least costly alternate water supply
storage, which in turn determines economic benefits on an annual
basis, an analysis of well costs, in lieu of reservoirs, was made.
Studies indicate that in the range between 4.0 mgd and 6.0 mgd,
costs per mgd are minimized by constructing reservoirs. Any stor-
age under 4.0 mgd or over 6.0 mgd could be more economically provided-
by wells if adequate ground water were available for the higher
yields. The cost of wells was discounted to present worth for the
first 20 years of project life in order to keep benefits comparable
to reservoir storage which will not be used for water supply until
year 20 of the project life.

A reservoir storage capacity of 2200 acre-feet will provide
4.0 mgd. However, a conservative estimate of between 2800 and
3000 acre-feet has been used in our study to allow for verious
losses such as evaporation, seepage and percolation. Flood control
storage of 2750 acre-feet will provide for 8.6 inches of runoff and
would effectively control the standard project flood.

d. Conelusion. It is concluded that the recommended Beaver
Brook multiple-purpose dam and reservolr satisfies the present and
future demonstrated needs for water resource development in the
city of Keene and is directed toward achieving the best possible
use of the resources employed. It provides an efficient vehicle
for reducing future flood damages and for satisfying some of the
demands for increased water supply and recreational facilities.
The highest level of development with regard to scale, cost, tim-
ing and functional distribution has been obtained. All factors,
both tangible and intangible as well as favorable and unfavorable,
have been taken into account.
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Item B
Lands and Dmuges

Lands and Ilprovmenta
Contingenciea

Total I.ands and Damages
Relocations

Sullivan & Belvedere Roads -

Utilities
Contingencles

- 'Engineering and Design

Supervision and Administration

Total Relocat.ions

Reservoir Clouiqg

_ Clearing :
: Conti.ngencias

rEngi_necring and Design

Supervision snd Administration

. Total Reservoir Clearing

TABLE NO. =2 -

BEAVER BROOK DAM AND RESERVOIR

TETATLEDR COST ESTIMATE

. Estimated

Estimated

Quantity Unit  Price

1 Job  L.S.

L
1 Job L.S.
1L

1 Job

150  Acres 400,00

c-18

Amount Total

$162,000
1h 009
- $176,ooo

%, 56,000
56,000
L5000
23,000
26,000
20,000
T 226,000

{
oy
I

$ 60,000

10,000 | 10,0

87,000
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i

Item

Dars

Preparation of Jits
Stresm Control
Earth Excavation
Stripping
Impervious
Random
Impervious Borrow
Compacted Impervious
Fi11 (Placing)
Compacted Pervious Fill
Compacted Random Fil1l
{Placing) _
Rock Fxcavation .
Rock 3Slops Protection
Gravel Beddirng
Concreta, Mass

. Concrete, Rainforced

Treated Road Graval

" 5! x 5 Conduit
. 24" R.C. Pips
.ates and Machinery

Miscellansous Ytems
Water Supply Features
Contingencies

* Engineering and Design
Supervision and Administration

" Totel Dam

-~ Water Control Structure

Prepsration of Site

. Stream Control

3tripping

Random Fill {Prom Spillway Excav,)

utlet Jorks
Topaoiling ard Seeding
Continpencies

Engineering and Design

Supervision and Adsinistration
Total Water Control Structure

TABLE N0, C=-2 {Cont'd)

Estimated
Quaptity

31,000

Undt

Acres

Job

c.Y.
c.T.

c.Y.

c.Y.

c.T.
C.T.

c.Y.
c.Y.
c.Y.

C.Y.

c.Y,
c.Y.
c.T.
Job
L.F,
Jdeb
Job
Job

Job
Job
Job
Cc.T.
Job
Job

C-19

Undt
Price

$600.00

L.S.

50
«T0
«70
1.10

<40
1.50

.30
k.00
2,00
2.00

Lo.0o
100,00
- 2,00
L.S.
15'w
L.8.
L.S.
L.S.

L.S.
Il.s.
L.S.
$1.10
L.S.
L.8.

Estimated
Amount

12,000
16,500

Total

$ 750,000

! U,m !

. St

6.0

A



Item
Roads
Access R't')rald'-'.
Contingencies
Engineering and Design
Supervision and Administration
- Total Access Road
‘Recreation Facilities
Facilities (see Table E-3)
Contingencies '
Engineering and Design
Supervision and Administration
: Tc’rb_a__l Recreation Facilitles

TABIE NG. C-2 (Cont'd)

Estimated
Suantity . Unit
' 1 : Job
1 Job

|

Unif.

Price

V L.S. ’

L.S.

Estimated

_Amount

$ 10,000

=12300

1,500

1,000

$ 68,600
1:2,1&00 -

'82;,'090; )
12,000
_9,000

TOTAL PROJECT FIRST COST

NOTE: The above estimate does rot include preauthorization costs of $43,000,

C-.20

Total
1,
$ 14,000
(2.2
'103 ,:000 \{\) N \
~ $1,377,000
R 3/6/67




TABLE NC, C=3
BEAVER BROOK DAM AND RESERVOMR

SIMMARY OF CONSTRUCTION EXIPRNDITURES AND ANNUAL CEARGES

- Multipls Purposs Projoct. Altarnative Dual Purpose Projects Altersetive Single
Specific Costs - Purpess Projects
Flood Water Joint Total and sl and Mood Weter
Control  Supply Recreation Use Costs Costs Mecreation Resreation Water Supply Control Supply Rscreation

Permanent Features .
Lads and Damages $ 176,000 $ 176,000 $ 16,000 176. $ 176, $ 161, 200¢ 161,000 § 161,000
Relocations 226,000 226,000 226,000 226 226,000 26,000 226,000 236,000
Reservoir Clearing 87,000 87,000 87,000 37, 87,000 7,000 37, 1,000
Dams

Main Dam 640, 000 640,000 393,000 640,000 éko,ooo 3,000 383,000 381,000

Cutlet Works 98, 000 96,000 98,000 98,000 98,000 20,000 98,000 98,000

Water Control Structure 13,000 13,000 13,000 13,000 13,000 13,000 13,000 13,000

Water Supply Features $20,000 20,000 20,000 20,000 20,000
Recreation Facilities - $103, 000 103,000 103,000 103,000 : ) 103,000
Access Road - & 1k, 000 1h, 000 , 000 1k, 000 14,000 _ 14,000 1), 000 000
TOTAL PROJECT FIRST COST $ o $20,000  $103,000  $1,254,000 $1,377,000 $1,105,000  $1,357,000  $1,27k,000 $ 825,000 $1,002,000  $1,085,000
Investmert and Annusl Charges . ‘ )

TN S

Comgtruction Expenditures o 20,000 103,000 1,254,000 1,377,000 1,105,000 1,357,000 1,27k, 000 824,000 1,002,000 1,085,000
Interest During Comstruction ] . [+) - 0 [+] ] . . -0
Investaent 0 20,000 103,000 1,254,000 1,377,000 1,105,000 1, 357,000 1,27k, 000 824,000 1,002, 1,085,000
Aanual Charges - : - - |

Intereat & dmortizatiom (3.276%) 0 600 3,k00 m,loo . k5,100 36,200 kh,500 u,'mo_ 27,000  Ses 35,500
Operation and Maintenance . e ,.;,;r S eI See TEW AT IS A S

Dem, Reservoir & Pocl SRR 5,?00 5, L,z,oo> £,700 "5, T00° 1,200 Table k, 200~

Recreatio Facilitiss 5,000 §,000- - . 5,000 % 5,000 0 0 5,000

Supervision & Administration 0o .- 00 v x0." 00 300 300 c-8 0

Inspection & Reports ] . Loo hoo / a: koo koo - koo )
Major Replacements 0 300 500 Loo 1, 200 1,000 200 800 - 200 800
TOTAL ANNUAL CHARCES $ 0 $ 900 $ B,500 $& h7,%0 $ 57,700 $ K700 $ S5,%0 $ 13,%0 $ 32,100 $ ks,

Cc=21 -
_ R 3/6/61
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1,

2.

TN W, C-h

v Mﬁ ' ga_l_-im'us.nvog :
alioc IO% B SEPANANLE ORPTS - KIMATWING REWEFLTS WETND \

ALLOCATION OF AMUS. COSTS

&+ Denafits

b  Altermiate 08t

¢, DBenefits limited Wy alternate cest
cont

Separsbls
e, Remaining bemefits
f. Allsoated - el

3 Total an.ontia, project ooet

ALLOGATION OF OPERATION & NAINTEMANCE COSTS

a, Separedls cest e i AT

b, Alleeated joimt eeet - -«

¢, Total allecatien OME '

d, BSpecific costs

& Allecated joint use gosts

£+ Ratie for alloeation of jJoiat wee w

ALLOCATION OF MAJOR REPLACENENTS

a. Ssparable cost
b, Allecated joint sost

o Tetal alloeation, major replacements

ALLOGATION OF INYESTHINT

as Anmual imvestmemt coet

b. Ratio of anmal investmest
0. Allecated investmsnt

ALLOCATION OF COMSTRUCTION EXPEMDITURES

e Specific investmemnt

b, Investmmnt in joint e facilitiems

0. Construction expenditures in joint
use facilities

d, Percent of construction expenditures
in joint vse faoilities

., Constrwtion expenditures in speciflic
faciliting

f. Total oconstruction sxpmnditures

g
A

Total somstruction expenditures
Annval qosts

Anmwal benefits

Bemefit/cost ratic

Tosd Con

53,28

599,000

£99,000
23,300
113,600
k.9

Water Swpply J

$ 20,100 (1)
. b r

23,48
31k, 000

31k, 000
12,100
20,100

1.7

(1} Mater supply banefits discousted for period during which etorage
will be used for recreation only.

{2} Recreation bemfits adjusted to reflect chmge in use after year 20,

22

lo:crnttcn

$ 32,000 (2}
ok

181,000 .
22,300
32,000
Lk

R 3/6/6%

1,377,000

123,000
1,251,000
1,2%,,000

100%

123,000

1,377,000

1,377,000 -

165:100
2.9




TABLE NO. C-5

INLTIAL COST APPORTIONMENT -

First Costs

Flood Control

Lands & Damages:
Relocations
Dam & Reservoir

Totals = Flood Control

Recreation

Lands & Damages
Relocations

Dam & Reservoir
Recreation Facilities

Totals -~ Recreation

Water Supply

Lands & Damages
Relocations

Dam & Reservoir
Water Supply Features

Totals ~ Water Supply

TOTAL FIRST COSTS

Annual Charges

Federal

Flood Control
Recreation
Water Supply

Total - Federal

Non-Federal

Flood Control
Recreation
Water Supply

Total - Non-Federal

TOTAL ANNUAL CHARGES

Non-Federal

R 3/6/67

¢} {!ﬁ ”‘

H;‘g,ud

70

Federal Total
3 $  8l,000 $  8l,000
. 108,000 108,000
407,000 | 407,000
$407,000  $ 192,000 $ 599,000
65,000 65,000
245,000 ' L 245,000
51,5007 51,500%  __ 103,000
$112,500  $ 51,500 $ L6L,000
$ $ L1,000 $ 41,000
53,000 53,000
200,000 200,000
20,000 20,000
0§ 31,0007 $  31k,000
- Shida
$819,500 ¢ 557,500 $1,377,000
oo ¥ . SR -
. Intérest Oper. & Major
& Amort. Maint. Replace, Total
$13,300  $ o $ 0 $13,300
13,500 rtce 0 106 0 13,500
0 0 0 0
$26,800 $ 0 3 0 $26, 800
$ 6,300 $3,,00 $ 300  $10,000
10,300 1,100 Loos 12,100
$18,300 $11,400 $ 1,200  $30,900
9,0 [,'00 'Z.aEJZOO
$1i5,100 $11,L00  $ 1,200  $57,700
c-23



" MABLE NO, Cwb

ADJUSTED COST APPORTIONMENT

Federal Non~Federal = Total
First Costs :
Flood Control . : S
Lands & Damages : $ $ 84,000 & 84,000
Relocations _ ‘ : , 108,000 108,000
Dam & Reservoir 407,000 107,000
Totals - Flood Comtrol =~ $407,000 $ 192,000 $ 599,000
Recreation : g o | _
Lands & Damages % $ 51,000 $ 51,000
Relocations ' ' | - 65,000 65,000
Dam & Reservoir 245,000 215,000
Recreation Facilities . 51,500 51,500 . 103,000
Totals - Recreation $296,500 $ 167,500 $ L6L,000
Water Supply : o : .
Lands & Damages 8 $ Li,000 $ 41,000
Relocations . ' - 53,000 -~ 53,000
Dam & Reservoir 116,000 8L,000 - 200,000
Water Supply Features . 20,000 - __ 20,000
Totals - Water Supply - $116,000 $ 198,000 $ 314,000
TOTAL FIRST COSTS $819,500  $ 557,500  $1,377,000
Interest Oper. &  Major Re-
& Amort, Maint, ~  placement Total
Annual Charges :
Federal
Flood Control $13,300 $ 0 $ 0 $ 13,300
Recreation 9,700 4] o 9,700
Water Supply "~ 3,800 0 0 3,800
Total - Federal -  $26,800 $ o -3 0 $ 26,800
Non-Federal _
Flood Control $ 6,300 $ 3,400 $ 300 $ 10,000
Recreation : 5,500 = 6,600 500 12,600
Water Supply . 6,500 1,400 Loo 8,300

Total - Non-Federal ‘- $18,300 $ 11,400 $ 1,200 $ 30,900

TOTAL ANNUAL CHARGES $h§,1oo $ 11,400 3 1,200 - $ 57,700

g=2l
R 3/6/67



N~ TABLE NO. C=-7 -

- Economic Analysis

" Anmual ' Annual Benefit/Cost

Purpose Benefits Costs Ratlo

Flood Control IZJ,baU $113,600 $23,300 L9

' Water Supply 2|,556> 20,100(1) 12,100 1.7
Recreation 94, H?  32,000(2) 22,300 1.k

Total \\77;300 $165, 700  $57,700 29

1 : , : _
( )Water Supply benefits discounted for the period when storage

will be used for recreational purpose only (assumed for first

20 years of project life,)

(2)

Benefits for recreation discbunted for period when storage

is used for water supply and water contact sports eliminated.

v ' c-25
' R 3/6/67



TABIE N0, C=8 . - —

BEAVER BROOK DAM- LND RESERVOIR

SINGIE-PURPOS WA‘IER SUPPII EE&RVOIR

(To be built at ngect Year 20 and serve as 1ong as mlt.iple-purpose
project = 80 years

‘ S . eV ALy
For Alternative Cost - P
First cost | © $1,002,000 /145600
Interest during construction S - : 0 __ <.
Totsl investment ‘ : : ' - BL,002,000 /a5 0k
Armual es
: Z 5 :)
Interest and amortization (80 yrs.-B.laé%) | $34,200 57500
Maintenance and operation b4, 500 A

Major replacements:
$20,000 &t years 25, 50 and 75
Present worth @ 3-1/8%: S .
25 years ($20,000 x .h633h) - $ 9,270 (.F2293)- bsz2
50 years (820,000 x o214B9) = 1,290 (- /od27) /%
75 years ($20,000 x ,09947) = __ 1,990  (.2z32%: 72 .

Total = $15,550 g(?;-% SN
Capitol recovery (3.1/8%, 80 yrs.): “
$15)550 x .03111 5!! ﬁ““d
Total ennuel charges (20 years hence) - $ 39,200 7ol
204/
Total worth (20 years hence) = $39,200 x 29,271 = $1,147,00 4 24i T
o ys L
Present worth = $1,117,400 x o540l . - $ 620,100 G D08
Avg, anmial cost = alt, cost = $620,100 x .03276 - $ 20,004 s
').i PRy
For Benefits
Total investment $1,002,000 /o

Maintenance and operations = wié 200
Preasent worth (80 yrs. @ 3.5%) _ _ “

D eed X 16, ”."
Ca26

3/6/61



Major replacementss
$20,000 at years 25, 50 and 75
Present worth @ 3%: . 7,
25 years (520,0003’.!12315) -$ 83500
S0 years ($20,000 x ,17905) = 3,600

75 years ($20,000 x (07577) = __1,500
Total present worth

Total worth at project year 20
Present worth at project year O (3-1/8%)
=

$1,16,000 x -31‘0“},.
SN

Ca27

2.FHD

PR E
'9542”
L012kE

-
f

¢ 13,600
$,1%,000

$ 613,%0

Avg, annuel cost = annual benefits = $613,900 x.03276 =  $20,100 /

3y/6/61
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APPENDIX D
REAL ESTATE
1, BEAVER BROOK DAM

a. Purpese. The purpose of this report is to estimate the real
estate costs for the proposed Beaver Brook Dam and Reservoir, which
currently is being planned as a multi-purpose dam and reservoir pro-
viding flood control, recreation facilities and future water supply.
Real estate costs have been computed by establishing a minimum guide
‘taking line at Flevation 828 m.s.l., pool area at maximum surcharge.

be. Location. The proposed dam is to be constructed on Beaver
Brock, approximately three miles north of the business center of Keene,
New Hampshire, and 1,100 feet north of the intersection of State Route
10 (Gilsum - Beaver Brook Road) and State Route 9, The reservoir area
will extend upstream a distance of about 2-3/4 miles and will include
lands within the City of Keene and Town of Gilsum, New Hampshire,

cs Description, The section of the City of Keene and Town of
Gilsum in which the dam and reservoir are to be located is a rural
residential area consisting of both year-round dwellings and summer
cottages in the $2,000 to $13,500 price range. There are also two
antique businesses and a State Highway Maintenance Department in-the
area as well as 617 acres of woodland some of which has been cut
over,

d. Mineral and Crop Damage. The current field inspection of the
area revealed no mining operation of minerals within the proposed area
except for nearly depleted borrow areas for sand and gravel. The major
portion of the land within the proposed reservoir limits is presently
in woodland, bottomland and marsh land and is unsuitable for farming,
homes and most other uses, An additional 11 percent of the area is
under water, No crop damage is expected and present farmers would be
allowed to gather any existing vegetation. There are a few small
stands of merchantable species, but quality and quantity are consid-
ered inadequate to require inclusion of special allowances for mer-
chantable timber,

e, Utilities. Telephone and electrical services are available
along Route 10 (Gilsum-Beaver Brook Road), Sullivan West Road and
Belvedere Road. The nearest point that city water is available is
about 1.6 miles southerly cf the dam site.

D1



f. Relocaticns.

Cemeteries. No cemeteries were cbserved within the
area of the proposed reservoir.

Roads. Land requirements for the relocation of Route
10 are included in this report.

Utilities, The existing transmission line, which pres-
ently passes through the proposed reservoir srea, will be raised or
relocated. No land requiremenits for utility relocations have been
included in this report., All electrical and telephone lines will
be relocated within the new highway right-of-way,

g. BRemoval cf Channel Dams, There are three old fieldstone
dams located within the proposed reservoir area. All of these dams
are now breached. An allowance is included in real estate costs
for removal of channel dams,

h. Scope of Field Work and Basis of Estimate of Valuation., The
City of Keene's Assessor's Office and the County's Registry of Deeds
Office were visited. The value estimates for improvements and land -
were developed through investigation and analysis of recent sales of
property in the City of Keene and Town of Gilsum and from a general
knowledge of real estate values in this areas.-

-

i. Acquisition Costs. The estimate of the number of tracts with-
in the city which will be involved has been developed from the City
Assessor's plans., Tracts within the Town of Gilsum were developed
from a check of the records for property descriptions,

Je Severance Damage. A study of the preliminary maps of the
subject reservoir, the City of Keene's Assessor's maps, the Town of
Gilsum's Resident Property List and a field inspection of the area
indicate that the taking of lands to Elevation 828 m.s.l. would leave,
approximately 250 acres on the west side of Route 10 without access,

Based on past experiences, the severance damages would ap-
proximate the fee value of the land., Detail mapping will probably
indicate purchase of these areas will be the best real estate prac-
tice, and therefore, the value of complete tract is included in the
lands to be acquired in fee. The proposed relocation of Route 10
will provide access to most properties severed on the east side of
the existing Route 10 and thereby held severance damage to a minimum,
Included under contingencies is & sufficient amount for this item,



ke Valunation,

Improvements = Elevation 828 m.s.l.

2 Commercial Units $11,500
State~owned Highway Maintenance Areast 17,000
13 Residences and outbuildings L6, 200
$ 7h,700
Land - Elevation 828 m,s.l.
Residential
Developed lots 27 A. @ 3500 13,500
Undeveloped lots 20 A, @ $300 6,000
Commercial S A, @ $400 2,000
‘State Highway
mpt. 6 A. 2’5%
Cleared Land 55 4, @ $ 30 1,650
Woodland 617 A. @ $ 50 30,850
730 A. ‘ $ 56,500
. %P,L, 85-500: 33USC 633
Removal of Channel Dams . 4,000
Severance (lands affected by loss of ,
access included in fee takings) -
Contingencies 10% (includinrg minor
severance ) 13,520
Acquisition Costs (36 Tracts @ $750) 27,000
$ Lli,520
$175,720

Rounded tos $176,000

D=3



1. Summary of Real Zstate Costs.

Elev; 828 Tle Solo

Improvement $ 7L, 700
Land (Fee) 56,500
Removal of Channel Dams L, 000
Severance -

Contingencies 13,520
Acquisition Costs : 27,000
Total Rounded: $1.76,000

Note: Total Real Estate Costs include land requirements for
highway relocation of approximately 60 acres outside the
proposed reservoir area and purchase of one additional
tract, Total cost attributable to highway relocation is
estimated to be $4,000. An additional 25 ascres for work

- and borrow areas have also been included in the total,

m. Conclusions and Exceptions. The area to be acquired
and the estimated values, as set forth in this report, are con-
sidered to be tentative in view of the lack of detailed ownership
data and will be more fully discussed in the submission of the
Rezal Estate NDesign Memorandum,
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APPENDIX E

RECREATION
l. DESCRIPTION
2. General

This appendix presents data to supplement the section of the
main report relating to recreation and the development of recreatlon
facilities. It includes a summary of existing recreation opportunity
within the zone of influence of the project (a LO-mile radius), re-
scurces available for development, the means of meeting the needs for
greater opportunity, and the plan of development including costs and
benefits. Factors of population, income, availsble leisure time,
tourist and vacation trends and distance have alsc been included. The
scope of this appendix includes an evaluation of the public recrea-
tional potential as well as the fish and wildlife potential of the
Beaver Brook reservoir area in relation to other recreational and
fish and wildlife opportunities available to the public within the
area which the project may be expected to influence.

b. Pertinent Data

With the ever-increasing demand for recreational pursuits,
opportunities exist at this site for full consideration of outdoor
recreation potentlal and fish and wildlife enhancement, The Beaver
Brook project will have a pool of about 203 acres at elevation 811
feet, mean sea level, which can be used for full water-oriented rec-
reation activities as well as provide a source for future water Sup-

ply.
c. Fish and Wildlife Resgources

The report of the U, S. Nepartment of the Interior, Fish
and Wildlife Service, included in Appendix F, concluded that the
net oversll effect of the project on fish and wildlife resources is
beneficial, With the 203-acre conservation pool, a warm-water fish
ery resource will be created to consist primarily of chain pickerel,
brown bullhead, large mouth bass, and other sun fishes, It is esti-
mated that the average annual utilization of the reservoir fishery
will be about 3,750 man-days or a net gain of 3,600 man-days over
the existing use.
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In order to mitigate wildlife resource losses which re-
sulted from creation of the permanent pool, a water control struc-
ture would be located at the upper reach of the reservolr upstream
from the relocated Route 10, The establishment of this pool would
create conditions conducive to waterfowl management. The hunting
opportunity presented by these birds would more than compensate
for the loss of hunting opportunity now within the reservoir area.
In addition, an incidental pickerel and bullhead fishery may become
established.

de Climate

The average temperatures for Jamary and July in the
vicinity of the project are 18°F and 69°F, respectively with a
mean anmual temperature of L5°F, Freezing temperatures begin in
late October and end in early April. During the summer season,
the meximum daily temperatures ere 70°F or higher., Precipitation
for the year averages about 39 inches and is well distributed
among the seasons., The average annual snowfall ig about 61 inches
between the months of November to April.

2., FACTORS AFFECTING RECREATION ACTIVITIES

a. Population

The 1960 census figures show a total of 415,000 people re-
siding in 140 cities and towns within a radius of LO miles of the
project; 120,000 people in 6l cities and towns reside within a 25-
mile radius; and 31,000 people in 1l cities and towns within 10
miles of the project. Some of the principal population centers
within an hourt's drive of the project follow:

Distance Population (1960)

Brattleboro, Vermont 20 11,700
Keene, New Hampshire 3 17,600
Concord, New Hampshire 50 29,000
Manchester, New Hampshire L7 88,300
Nashua, New Hampshire L8 39,100
Fitehburg - Leominster,

Massachusetts 38 71,000
Greenfield, Massachusetts 30 17,700
Gardner, Massachusetts 33 15,100
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TABLE E-1

POPULATION DATA

Within 10 Miles Within 25 Miles Within LO Miles

v 1960 1950 1960 1950 1960 1950

New Hamoshire 29,400 26,200 77,300 70,300 200,000 182,000

Vermont 1,600 1,400 37,400 35,200 58,500 57,000

Massachusetts = — =mcm==  cmmee= 5,300 4,900 156,500 152,000

 Total 31,000 27,600 120,000 110,400 L15,000 391,000
Growth Rate 12,3% 8.7% 6.1%

b. Income

The median incomes of families within a 10, 25 and LO-mile
radius of the project were $5,700, $5,750 and $5,800 respectively,
with about 75 percent of the families with incomes between $3,001
and $9,999 and about 1l percent with incomes over $10,000 (U. S.
Census, 1960). This compares with a National median income of
$5,660. Over 60 percent of the families belonging to this group
desire and use public outdoor recreation areas which provide
facilities for swimming and picnicking. This group is most
responsive to using facilities when they are provided, Family and
group use vhere facilities are available increases with income,
the increase is the sharpest at about $3,000 a year, from thereon
the participation steadily increases reaching a maximum in the
$7,500 - $10,000 bracket then declining slightly thereafter (ORRRC
Main Report, 1962).

Co Leisure Time

In special studies conducted by the Bureau of Labor,
statistics confirm the trend toward a shorter than LO-hour week.
A1l figures point to a continuation of this trend into the future.
More time will be available to participate in outdoor recreation
which will bring greater presgsure upon existing facilities. It
will also increase the demand for expansion of existing facilities
and the development of new recreation facilities. As much as 20
percent of this leisure time, based on a L0-hour week, has some
part focused upon areas with public outdoor recreation facilities.,
Greater opportunity is urgently needed in the densely-populated
Wew England region to meet the mounting needs and demands of the
majority of residents who are primarily skilled wage earners., With
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a 200-acre lake adequately developed, a substantial part of the
demand can be satisfied in the after-work and weekend hours at
the Beaver Brook Reservoir ares.

d. Tourist and Vacation Trends

Tourists and vacationers play a major role in the economy
of the project area and for the State of New Hampshire as a whole.
Reflecting the importance of recreation to the New Hampshire econ-
omy, and indicative of the growing demand for recreational oppor-
tunities, are figures complied by the American fxpress Travel Sur-
vey and the Federal Reserve Bank of Boston which showed that vaca-
tionists put about $275,000,000 in the New Hampshire economy in
1961, Statistics by the State of New Hampshire in their 1963 sur-
vey indicated that 78 percent of users of the New Hampshire State
Park system are non-residents with 39 percent of the users coming
from Massachusetts,

e, Accessibility

The project area is readily accessible to all sections of
the region over a network of good roads and interstate highways
which are constantly being improved and bringing recreation re-
sources such as those at Beaver Brook within easy reach of an in-
creasing population. State Routes 9 and 10, which pass adjacent
to the reservoir area are major vacation routes of the region.
The use of the automobile to reach areas where recreation oppor-
tunity is available confirms the assumption that distance
travelled to reach a given recreation area is a controlling fac-
tor in its estimated visitation. Generally, most people will drive
to areas within a LO-mile radius or an hourts driving time for
after-work and day-use activities.

£; Demand

The demand for public outdoor recreation for the residents
of the projectts area of influence is generated by the most basic
factor; that of population. With the high population density in
this section of New England, it is anticipated that the intended
development at the Beaver Brook reservoir would receive optimum
use within 3 years of completion. This has been the experience
at recreational developments at recentiy completed Federal flocd
contrel reservoirs in New England,

' g. Supply

Located in one of the more scenic regions of New England,
with a rural setting yet c¢lose to the populated centers, the Beaver
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Brook reservoir would be an important factor in helping to satisfy
the ever-growing recreational demsnds of the regién,

The natural recreational resources are many and varied.

The White, Green and Berkshire Mountains, the Connecticut and Mer-
rimack Rivers and tributaries and the numerocus lakes and ponds pro-
vide a strong and diversified appeal to visitors. Private industry
has developed many extensive recreation areas. However, these areas
are designed for vacationers and tourisis and are beyond the means
of the general public. Public facilities for swimming and other
aquatic sports, particularly in the Keene area, are few.

At the National conference on State Parks in 1960, the
State of New Hampshire reported that the present facilities in the
area are not sufficient to meet the demands for recreational use
and that the existing facilities are overused by about 30 percent
and that limits had been set by the control of parking cars, the
nurbers of camping parties, etc. at several areas. The Massa-
chusetts Department of Natural Resources also reports that many
areas are heavily overused and that additional facilities are ur-
gently needed, '

Many of the existing recreation areas are currently ap-
proaching the ultimate development stage. Attendance figures over
the past decade at State Parks indicate that many have reached a
point of saturation and that the visitations have levelled off or
even dropped. Where additional facilities had been added or new
areas developed, an immediate marked increase in attendance was
noted at the new or expanded area with little or no change of at-
tendance at areas where no improvements were made.(see Table E-2).

h. Anticipated Public Use

Based on attendance records at State Parks and Corps Proj=-
ects in the area, particularly nearby Otter Brook and Surry Moun-
tain Reservoirs, it is estimated that the optimum recreational
development at Beaver Brook would receive maximum public use. The
creation of a 200-acre public water area would help satisfy the
demand for water-based activities. Facilities for day-use itype
activities to include swimming, boating, picnicking, fishing,
hiking, and sightseeing could be developed to accommodate about
53,600 annual visitors. This visitation could be expected within
3 years after project construction.
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TABLE E-2

ANNUAL ATTENDANCE )
AT :

SELECTED PUBLIC RECREATION AREAS
(WITHIN A LO-MILE RADIUS)

YEAR CORPS PROJECTS B STATE AREAS
' New Hampshire (1) ’ Massachusetis
Hop, * Otterst Surry* Monad- Mt Otter
Everett Brook Mtn. nock Miller Sunapee Wadleigh River Erving
196l 107,600 16,800 38,00 47,795 18,53k 221,755 11,081 Not Available
1963 31,000 21,2000 20,800  L2,670 19,730  197,9L0 16,370 61,770  kl,2h0
5 1962 - 16,000 13,000  L3,800 17,610 207,580 1h,h90 57,080  L7,750
& 1961 - 17,500 1h,000  L1,330 16,570 208,390 14,770 54,650 56,700
1960 - 2,000 13,000  h&,Lh8C 18,950 179,500 21,210 £1,030  U7,320
1959 - - 4,000 10,680 16;480 167,570 26,180 18,160  56,7LO
1958 - - - 39,890 19,490 186,930 20,620 43,500 51,550
1957 - - - 38,700 19,350 108,970 2ly, 540 Wh,6h0 36,840
1956 - - - 41,250 14,890 150,330 23,090 . 36,460 41,990
19%5 - - - 34,380  1h,310 132,530 28,860 36,150 32,780
19 - - -

25,870  1L,h80 132,670 12,690 15,020 24,590

% Does not include sightseers at the dam.

(1) Iﬁ'l962;'the Statée of New Hampshire opened Greenfield State Park. The recorded anmnual
attendance follows: 1962 - 5,0003 1963 ~ 15,5253 196k - 70,78k, _




The major activity would be swimming with picnicking next,
followed by fishing, small beoating, end hiking. The snnual atitendance
was not derived by type activity, since in most ceses the users participste
in more than one activity. However, the following percentages based on
surveys at other Corps projects in New Englend and the percentages used
by National Park Service in determining facilities required for day use
ereas could be applied as to use of facilities:

Swimming 50%
Picnicking 4o
Fishing 7
Small Boating 2
Hiking 1
Total 100%

Applying these percentages to the estimated annual attendance
of 53,600 visitors, the breakdown would be as follows:

Bathers 26,800
Picnickers 21,500
Fishermen 3,600
Boaters 1,100
Hikers 600
Total 53,600 Visitors (annmually)

Under current New Hampshire State policy, contact sports ere
not permitted in domestic water supply reserveoirs. Until such time as
Beaver Brook reservoir is used for water supply (estimated to be 20 years
after project completion) full recreational use would be permitted. When
the reservoir is utilized for water supply, recrestional use would pre-
clude water contact activities under present State policy thus limiting
the recreational activities to picnicking, fishing, small boating, and
hiking. Based on other existing Corps reservoirs and State Parks with
similer use, it is estimated that the annual attendance would be about
30,800 visitors. It is estimated that Beaver Brook would be more attrac-
tive than the gimilar areas analyzed in that the picnic areas would be
bordering sn atiractive pool.

When the Beaver Brook reservoir is used for water supply, the
conservetion pool may have a fluctuating water surface; the range of
fluctuation depending on the rate of runoff during the summer months.
Through the use of reservoir regulation in conjunction with the present
water supply well system, it is proposed to maintain the water surface at
g relatively constant level during the summer recregtion season., This
would allow uninterrupted use of the pool for boating and fishing and
would not change the aesthetics of the area. During drought years, the
water surface of the conservation pool may incure its maximum fluctuation



and drawdown in order to provide the necessary water supply needs to the
City of Keeme. It is estimated that serious fluctustions of the pool
during drought years are sc infrequent that they will not affect the over-
all recreational aspects of the project.

3. MEANS OF MEETING NEEDS

The construction of the Beaver Brook water resource project would
create a recreation and fishery resource of importance to the inhabitants
of the project area. The reservoir area ls easily accessible by the
heavily travelled State Routes 9 and 10 and would receive use not only
from residents of the area, btut also from other communities in the highly
populous New Englend area. Areas abtractive to family type recrestion,
especielly during the summer months, would be developed around swimming,
pienicking, and fishing as the most common activities, After work and
weekend dey-use would be the primary form of recreation use., By the
development of facilities, an ennual visitation of 53,600 could be accom-
modated, This would include 3,600 man-days of fishing and 50,000 user-
days of all other recreation activities. The plan of development is shown
on Plete E«1, The extent of recreational development is based on the day
use expected at any one time on a normel sumer Sunday and is derived from
the estimated annual sttendance. Facilities would be constructed to accom-
modate a design loasd of 800 persons.

Because of the precipitous terrain on either side of the pool, the
reservoir area does not offer opportunities for the development of a major
recreation area.

4, ECONOMIC EVALUATION
&. First Costs
The estimated first cost of the recreation development for the
Beaver Brook reservoir is $103,000 end includes allowences for comtingencies,

engineering, and design snd for supervision and asdministration and is based
on 1966 price levels.

TABLE E-3

COST ESTIMATES -~ RECREATIONAL DEVELOFMENT
BEAVER BROOK RESERVOIR

- Unit = Estimated
Item Quantity Unit Price Cost
Earthwork 10,000 CLY. $ 1.00 $ 10,000
Perking Areas (double bit,
surface) 9,000 - 1.25 11,250



TABLE E-3 (Cont'd)

Unit Estimated
Iten Quantity Unit Price Cost

Picnic Tables 60 each $  90.00 $ 5,400
Fireplaces 30 each 75.00 2,250
Change House - Comfort Station 1 gach 16,000.00 16,000
Pit-type Toilet 1 each 1,700.00 1,700
Drinking Water 1 Job 5,000, 00 5,000
Beach Area 10,000 Se¥e. 1.00 ~10,000
Boat Ramp & Parking Area 1 Job 3,000.00 3,000

Selective Clearing &
Lendscaping 1 Job 4,000.00 4,000
$ 68,600
Contingencies 13,400
Total Construction Cost $ 82,000
Engineering & Design 12,000
Supervision & Administration 9,000
TOTAL FIRST COST $ 103,000

b, Annusl Costs

The annual charges include interest and amortization at 3-1/8%

C.

Anmnual Costs
Interest on Investment $ 3,200
Amortization 200
Maintenance snd Operation 5,000
Allowance for Major Replacements 500
TOTAL ANNUAL COSTS $ 8,900

Annual Benefits

interest rate over the economic life of the project estimated at 100 years,
cperation and maintenance .over the 100 years of projeet life at & charge
of $0.10 per visitor annually, and allowance for major replacements which
include replecing 1/3 of the facilities every 25 years.
follow:

These annual costs

Annual recrestion benefits are based on assigning a monetary value

of $0.75 per visitor-day to the aversge annual attendence expected at the



project. This value represents a weighted average wvisltor-dsy value for
such recreetion activities as pienicking, swimming, bosting, sightseeing,
nature study and other outdoor pursuits. The benefits attributed to fish-
ery regourceg as reported by the U, S, Fish and Wildlife Service are
baged on & monetary velue of $1.00 per fisherman day.

Values for general recreation and for fish and wildlife for the
first 20 years of the project, for the remaining 80 years of the project,
and equivalent average annusl benefits over the 100-year project life are
shown below:

Equiveaelent
Project Years 0-20 Project Years 21100 ° Aversge
(without water supply) (with water supply) Annual
Man-days Value Men~days Value- Benefits
General recreation 50,000 $37,500 30,000 $22,500  $29,800
Fishing 3,600 3,600 ' 800 800 2,200
Totals 53,600 $41,100 30,800 $23,300  $32,000

d. Wildlife Mitigation Measures

The Beaver Brock reservoir would permanently inundate about 203
acres of wildlife habitat including a productive 25-acre wetland srea.
Hunting opportunities amounting 'to 150 hunter-days are expected to be
elimineted from the reservoir ares. :

To determine the economic advisability of mitigeting measures of
150 hunter-days, a unit value of $1,00 per hunter-day was applied, result-
ing in an snnual benefit of $600. The estimated cost of the water control
structure smounts to $13,000 and anmnual charges are estimated at $500.
Construction of mitigating measures is Jjustified, resulting in a benefit-
cogt ratio of 1.2 to 1.

The unit value of $4.00 per hunter-day used above is justified
on the basis that: the project is locaeted in & highly populated zone and
ig in close proximity to the centers of population; the areas is heavily
used by tourists and vacationers; hunting opportunities are limited in the
area and are in great demand; the project would provide unlimited waterfowl
and upleand geme resources; and, the recreation use potentiagl of the project
area provides for uniqueness, diversity and access.

Additional detailed studies of fish and wildlife resources would

be conducted as necessary after project authorizetion for the conservation,
Amprovement and develcopment of these resources.
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5. SEPARATION OF BENEFITS AND COSTS

a. DBenefits

Liniting the recrestionsl activitles based on the use of water
supply at year 20, genersl recreation benefits including the reduction
in visitor-days emount to $29,800 ennuslly. Benefits to fishery
resources are reduced to $2,200 anmually. Estimates are based on
projected annual sttendence and use of the recreestion facllities to be
provided end were derived as follows:

General Recrestion:

y
Years O - 20 50,000 visitor-days @ $0.75 = $37,500 2800 (5H)
Years 21 - 100 30,000 visitor-days @ $0.75 = 22,500 22,500 %7 -

seoox G5 LT
Difference $15,000 ‘>

2, (i)
Soco . LFEE F Y, Se0 ¢ 34000 %

~

$15,000 x .h818(1) + $22,500 = $29,800 PG Y LGP g 22,5007
‘ = ";,,/) e T 5
Fishing: ™ /SJNW”N,é!fE-r Lz 2
= '; &7 /) ;.-'i’:’} S‘J‘;.

Years O - 20 3,600 fisherman-days @ $1.00
Years 21 - 100 800 fishermen-deys @ $1.00

—_— Lr2e
Difference $2,800 2£4°% L
2800x . L9558 e = Lhoo (5/5;)

52,800 x 48181 + $800 = $2,200 Sty g En e 25

AF ST i F Sew s TEaR

(l)Represents present worth at 3- 1/8% at year 20 of 1k, 707 x capital
recovery factor of ,03276.

$3,600
800

Koo = 2640 ("5—%}

AP0 InFESIEY pd s . b7
4 s 1R ETSEL e v AT L

b. Costs : =
- T sy = 69T 8 T 0520

The total separable first costs for recreation for jointly used
facilities amount to $103,000. These costs, shared between genersl outdoor
recregtion and fishing, smount to $96,000 and $7,000, respectively, snd were
computed in ratio that the benefits ascribed to each aspect bear to the

. total recrestional benefits. The manner of computetion is shown as follows:

General. Recregtion:

129,800 0 = g " A L T
—%—’-—32,000 x $103,000 = $96,000 | SEL e 5
Fishing:
2,200 _ L e v ’;;’ Y ~ .(‘ o
%32,000 x $103,000 = § 7,000 :
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In accordance with the Federal Water Project Recreation Act of 1965 N

(Public Law 89-72), non-Federal interests are required to pay onme-half the
separable first costs of the project dllocated to recreation and fish and
wildlife enhencement, an smount currently estimated at $48,000 for general

recreation end $3,500 for fishing.
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STATE OF NEW HAMPSHIRE

WATER RESOURCES BOARD

STATE HoOUSE ANNEX
ConcorD C3301

May 25, 1965

Mr. John Wm. laslie

Chief, Engineering Division
Corps of Engineers

424 Trapelo Road

Waltham, Massachusetts 02154

Dear Mr. leslie:

We have considered your proposal for the comstruction
of a2 multiple-purpose dam and reservoir including flood control,
recreation, fish and wild life and for future water supply on
Beaver Brook in the City of Keene, New Hampshire.

We believe that this plan best provides for the area
and we urge early construction,

Very truly youxs,

G, White
Chairman

wgwic

cc: Mr. Saia
Mayor Mallat
Congressional Delegation

EXHIBIT NO. Fa=l



STATEHE or NEW HAMPSHIRE
JOHN W. KING, GOVERNOR

STATIE PILANNING PROJECT

THIRTY - FOUR BRIDGE STREET, CONCORD, N. H. TELEFH? E CAPITOL 568611

June 21, 1965

Mr. John ¥Wm,., Leslie

Chicf, Engincering Clvislon

U, 5. Army Engincer Division, New England
Corps ol Englneers

hol Prapelo Road

Waltham, Massachusetts 02154

Dear Mr., Leglio:

In regponse to your request of April 206, 19065, we hereby
submit our comments and eovaluation of the proposed Beaver Brook
multiple-purpose dam and reservolr at Keene, New Hampshire.

The State Planning Projeet favors construction of the
Beaver Brook Project on the grounds that it will provide addition-
al [locd protection [or residents of the flood plain downstream Iin
Keence,

We are pleased that provisions will be made for the City of
Keene o use the impoundment waters for a water supply should the
need arise. This project is an excellent example of multiple use
of a Flood control project that will benefilit the public in many
Ways.

The Project believes that public recreational facilities
should be provided on the proposed 200 acre pocl to be created at
the Projecet. A water body of this size is of significant recre-
ational value for boating, swimming, and other recreational activities.
Reereational faciiities should include a boat launching ramp, small
swimming beach, picnic area, and related leaftures such as parking
areas, tollets, and running water,

We view the recreational development at Beaver Brook as of
"local significance” only - the area will be used mainly by residents
of Keene and adjoinlng communities. The Beaver Brook Project should
have recrcational facilities secondary 1n scope to those at nearby
Otter Brook and Surry Mountain Reservolrg., Surry Mountain Reservolr
has excellent potential for further recreational development while
the state park at Otter Brook Reservoir already offers a well-developed
recreation area for public use.

EXHIBIT NO, F-2
Page 1 of 2



Mr. Jchn Wm. Leslie -0- June 21, 1965

Should the recreational facilitles at Beaver Brook Project
receive heavy use, thern additional facilities should be provided
to meet the demands. We suggest that in the Corps' inltial stages
of planning for the recrecation area, that sufficient lands be
acquired to insure that land will be available for future expansion
of recreatlion facilities.

The Project recommends that serilous consideration be given
to the acquisition of the land between the fiood control reservoir
boundary and the proposed relocation ol Route 10 te the cast of the
project., This purchase would obtain land that might be developed
for recreation use in the future, would prevent unsightly develop-
ment from occurring near the shores of the proposed pool, and
would assur~ that the landsg adjolning the cast side of the pool
would be retained In natural condition.

Thank you for the copportunity to present our conments on
vour propogsed mulilpnle-purpose flood control development at Beaver

Brook, Keene, New Hampshire,
Sincerely, [E
Ma ;;:s

ry Lo e Hancock
Project Director

MLH:dh

EXHIBIT NO, F-2
Page 2 of 2



STATE OF NEW HAMPSHIRE
DEPARTMENT OF PUBLIC WORKS AND HIGHWAYS

CONCORD

JOHN ©, MORTON ROBERT H. WHITAKKR
COMMIsSIONER DEPUTY COMMIBBIONKR
AND CHIRF ENGINEER

April 30, 1965

Mr. John Wm. Leslie

Chief, Engineering Division
U.S8. Corps of Engilneers

Yok Trapelo Road

Waltham, Mass. 02154

Dear Mr. Leslie:

I have at hand your letter of April 26 relative to
the Corps' latest proposal for constructing the Besver Brook
Flood Control project as & multi-purpose dam and reservoir
including flood control, recreation, fish and wildlife and
weter supply provisions,

The Department has worked closely both with the City
of Keene and with the Corps in comnection with the Beaver
Brook project since it was initially proposed. You may be
assured that my staff and I will continue to render full co-
operation in this matter,

The Depasrtment will gledly adjust its schedule for
the reconstruction of Route 10 1o meet any timing which the
Corps may require.

Sincerely,
o,
Commissioner, '
JOM/r '
c.C,
F.M. Auer
AP, Miller

SPEND YOUR VACATION IN NEIGHBORLY NEW HAMPSHIRE

EXHIBIT NO, F=-3



FRANIC R BATA

o

5 T A TR A TR

City Manawer

CI'TY OF KEIKNIG
NIW IEANMPSITEIRNG
OFFICE OF THE C1TY MANAGER

#05-032-021 L

April 29, 1945

United States Army Engineer Division, New England
Corps of Engineers

424 Trapelo Road

Waltham, Massachusetts 02154

Att.: Colonel E. J. Ribbs
Acting Division Engineer

TELEPHONG

RE: Beaver Brook Dam and Reservoir Project

City of Keene, New Hampshire

Your Reference: NEDED-D

Dear Colonel Ribbs:

Enclosed for your information please find a_copy of a Resolution
adopted by the Keene City Council. approving a multi-purpose dam project
Lor Beaver Brook in accordance with recommendations of the U. S. Arwy
Corps of Engincers,

We are urging you, and other governmental agencies involved, to make
everyqeffort to expediie this much needed project for inclusion in the
1965 Omnibus Bill."

Your efforts will be appreciated,

Very truly yours,
CITY OF KLEENE
By . L

/,) o P S e

rank R. Saia
City Manager

FRS:1dw

Attachment; City of Keene Council Resoclution
relating to: Peaver Brook Dam
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CITY OF KEENE

IN THE YEAR OF OUR LORD ONE THOUSAND NINE HUNDRED___ SaXCy-Five

A RESOLUTION__ Relating To: Beaver Brook Dam

Resolved by the City Council of the City of Keene, as follows:

That the City Council request the United 3tates Corps of Ensineers
to proceed with a multi-purpose Beaver Brook Dam to include recrestional
features and to be sought by Survey Revort from the Omnibus Bill of 1965,,
or subseguent Omnibus Bills;

That it is apparent that the financial reocuirements of the City for
the original dam nronosal, if and when extended towter suoply and
recreation, could te as high as $780,000.00 with a minimum present
requirement of 3281,000.0C for flood control only;

That the new multi-ourpose dam proposal could result in an outlay by
the City of 3115,000,00 to #230,000,00 devending on the amount of State
participation;

That the maintenance of the dam will be the responsibility of the
Federal Government; ,

That the inclusion of recreation in the new pronosal will recuire
operation and stewardship by the State or City of the recreational facility
only, and

That we stronply urze all possible action by City officials as well
as the Governor and the Congressional Delegation to get this 3Survey Report
in to the 1955 Omnibus Bill,

Rotert L. Mallat, Jr. /s/

Mayor
PASSED April 15 1965
A frue copy, Attest: _;;._»_-—’ . = f',’f’;//-'." A
City Clerk Keene New Hampshire
apa i1 3D 10an EXHIBIT NO, F-4
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UNITED STATES
DEPARTMENT OF THE INTERIOR
BUREAU OF MINES

REGION V
OFFICE OF 4800 FORBES AVE,
REGIONAL DIRECTOR PITTSBURGH 13, PENNSYLVANIA

January 22, 1962

Brig. Gen. Seymour A, Potter, Jr.
Division Engineer

U, S. Army Englineer Dlvision

New England

Waltham 54, Massachusetts

Dear General Potter:

Thank you for advising us of the public hearing to be held at Keene,
N.H., on February 7, 1962, concerning flood protection along Beaver
Brook, near Keene. While we will be unable fo attend, we shall be
interested In the conclusions reached.

The proposed dam and reservoir are in a pegmatite mining area from which
feldspar, beryl, mica and other minerals are actively recovered. A
large number of these pegmatites occur throughout the mining region.
However, It is believed that because of Its small extenT, the reservoir
would cover relatively few of such potential mineral sources.

The project also would provide needed flood protection to the vicinity
of Keene, as well as some flood protection In the Ashuelot and Connecticut
River Valleys. '

Very truly yours,

arle P.
Regional Difector
Region V
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FEDERAL POWER COMMISSION
REGIONAL OFFICE

290 BERIAMUAY

NEVI YGRK 2, MES Yoryg

February 2, 1962
Ref: Your File NEDGW

Division Engireer

U. S. Army Engineer Division, New England
Corps of Engineers

L2)l, Trapelo Road

Waltham 5L, Massachusetis

Subject:s Beaver PBrook Dam, Keene, New Hampshire
Dear Sir:

Reference is made to your letter dated Jamary 15, 1962,
requesting our views with respect tc possible power development
at the proposed Beaver Brook flcod control preject near Keene,
New Hampshire,

Our staff has reviewed the pertinent date furnished with
your letler and has investigated the possibility of developing
power at the potential site, In view of the small drainage area
contrelled (5,5 square miles) and the absence of dependable flow
and head, it is concluded that power development in conjunction
with flood control at the proposed Beaver DBrook dam and reservoir
would not be practicable nor eccnomically feasible,

Sincerely yours,

., J. Wait
Regional Engineer
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DEPARTMENT OF
HEALTH, EDUCATION, AND WELFARE
REGIONAL OFFICE

N REGION 1

PUBLIC HEALTH SERVICE 42 HROADWAY
NEW YORK 4, N. M.

April 17, 1962

In reply refer to:
2L :WEC

Mr., John Wm. Leslie

Chief Engineering Division

U.5. Army Engineer Division, New England
Corps of Engineers '

L2l Trapelo Road

Waltham 54, Mossachusetts

Dear Mr.-Leslie:

Reference is made to your letter of January 15, 1962 requesting the
Public Health Service to investigate the need for storage in the
proposed'BeaVer_Brook reservolr, which will be loceted 1 1/2 miles
north of Keene, New Hampshire. This office has initiated a study
of the need for storage to permit]le fiow augmentation for down-
stresm water quality control consistent with Public Law 87-88, and
the need for domestic and industrial water supply storage consistent
with Public Law 500 - III., This letter is written to indicate the
current status of our study. ' ' '

During our preliminary investigation all aveilable information has
" been studied and appropfiate state and loeal authorities with know-
ledge relative to the water supply'and'pollution control needs of

the aresa in questibn have been c¢ontacted. On the basis of information
secured to date, we belleve that séveral tentative concluslons

‘should be brought to your attention at this time:

1. 'Tbis'office does no%t believe that there is

a need for inclusion of storage within the

Beaver Brook'reservoir'to permit flow augmentation
for water quality control. Whille cecasional

water quality nulsances have cccurred in the

past, the state of New Hampshire ccnsiders

EXHIBIT NO, F-7
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the quality to be adequate for anticipated
wvater usage and, as a consequence, does
not foresee the need for other than
primary treatment in the Keene area with-
in the foreseeable future,

2 - Preliminary investigations indlcate
that the city of Keene, New Hampshire is
the only communiiy below the proposed
Beaver Brook Dam and above the confluence
of the Ashuelot River with the Connecticut
River that will require storage Lo meet
antlcipated municipel and industrial

water supply demands. "

3 - While the safe yleld of the existing
Keene system is 3.5 mgd, preliminary
estimates indicale that the water supply
demand will increase on the average

from about 2.6 mgd to & mgd within the
hext f1fty years. Therefore, develop-
ment of an additlonal source of supply
with a safe yield of at least 4.0 mgd
appears desirable.

4 - Currert estimates indicate that

3,000 to 3,300 acre feet of storagewith-
in the Beaver Brook pcol will provide a
safe yield of 4.0 mgd. While additional
studies will be required to define the
future requirements of the city of Keene
and alternate sources of supply including
" wells, adjacent surface water supplies
and/or further development of the water-
sheds currently being tapped by the city
of Keene, preliminary findings strongly
suggest that the development of water
supply storage in the Beaver Brook
reservolr will be the most feasible source

EXHIBIT NO,
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of additicnal supply for the city of Keene.

Qur future plan of action calls for a field trip to Keene snd vicinity
during May. We hope that this trip will be sufficient to adequately
determine the future water supply demands of the city of Keene as

well as to facilitate the study of alternzte sources of ground and
surface water supplies, An estimate of reimburseble costs on this
project has been developed which we will wish to discuss with you

in the near future.

Since we understand that your report is scheduled for completion by
June 30th, we are atiempting to expedite our water supply study and
are aiming at“submission of a final report by June 15, 1962,
However, if your completion date 1s rescheduled, we would prefer to
complete this study éuring the first quarterof fiscal year 1963,
This would be of assistance relative to our current work lozd and
would assure adequate coverage of the problem in the event that more
than one field trip is required. Accordingly, we would appreciate
being advised in the event that thecompletion dates for this project
can be rescheduled.

Sincerely yours,

P s I, o
b wa‘r’/ NN ”L')';}‘ P e E gt e
Everett L. Macleman

Acting Regional Program Director
Water Supply and Pollution Control
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REGION ONE

CONNECTICUT
MAINE

MASSACHUSETTS U. 5. DEPARTMENT OF COMMERCE
L Ly ‘ BUREAU OF PUBLIC ROADS
oot sLAND 3 Capiltol Street
N nre meo Concord, New Hampshire 03301
NEDED-D May 25, 1965

Mr. John Wm. Leslie

Chief, Engineering Division
U, 5. Army Engineer Division
424 Trapelo Read

Waltham, Massachusetts 02154

Dear Mr. leslie:

Reference is made to your letter of April 26, 1965 requesting our comments
and evaluation of a proposal for the construction of a multiple-purpose dam
and reservoir, including flood control, recreation, fish and wildlife, and
water supply provisions, on Beaver Brook, near Keene, New Hampshire.

Since our interests are primarily in the highway field, our comments have
been limited to the effect of the proposal on existing bhighways in the imme-
diate vicinity.

The construction of the dam would necessitate the relocation of a section
of existing Route 10 approximately three miles in length. It is feasible
to construct this section of highway on new location to the east of the
dam and reservoir site without creating any appreciable indirectness to
the traveling public. Based on preliminary estimates prepared by the New
Hampshire Department of Public Works and Highways, the construction cost
would be only slightly higher than reconstruction on the presgent location.
The present condition of the highway is such that reconstruction in the
immediate future is warranted.

The New Hampshire Department of Public Works and Highways has completed
field studies and is now progressing the design work for the relocation
of Route 10, The highway reconstruction can therefore be scheduled to
meet the construction of the dam.

In summation,with the possible exception of a slightly higher cost for

the construction of the three-mile section of Route 10 on new location

as compared to the cost of reconstruction on existing location, the proposed
dam would not adversely affect the existing highway network.

Sincerely yours,
. ’." B

K) /b—l"&w,- .
. D, love
Division Engineer
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UNITED STATES
DEPARTMENT OF THE INTERIOR
NATIONAL PARK SERVICE

NORTHEAST REGION
143 SOUTH THIRD STREET
PHILADELPHIA, PA, 19106

IN REPLY REFER TO:
Lrhes

Your reierence:
LEDED-D

Division Engincer

Corps of lnglncers

U.ue Army Engineer Division, New dngland
Lol Mrapelo Road

izl tham, Massachuselbts 02LLL

Dear Lir:

PThis is in reference to your letter of April 26 concerning the
proposed Beaver Brook project, Keene, New Hampshire.

In view of the continued interest oif the City of Keene in the
Beaver Brook multi-purpose water control projcct, the opportunity
Lo renssess our comments of March 1962 in the light of changed
project design is appreciated.

e note thalt present plans vrovide for a recreation pool of 200
acres at clevation 011.0 and that waters could inundate a possible
310 acres at flood stape.

fhe impoundment, although small, will be located in a scenic setting.
In general, its shore-to-water relationship is not conducive to

st types of' recreation development but can be expected to provide
opportunities for picnicking, camping, fishing and boating in a
scenic outdoor enviroment. The recreation potential is ol local
signiiicance ana would complement the use provided for at Otter
Breooir Dam state Park.

EXHIBIT NO, F¥-9
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It is suggested that the area shown on the preliminary reservoir
plan accompanying your letter of April 26 be extended 2,000 f{eet
southerly te include a total ol 4,000 feet ol shoreline and the
width broadened to an average depth of 800 feet back from the shore.

t 1s assumed that the indicated interest of the City Council of
Keene embraces a desire to inclwie administration of a Beaver
Brook project's recrecational potential as part of the park and
recreation {unctions of the City of Keene. It would, therefore,
be most appropriate that a recreation development plan be worked
out in cooperation with the City of Keene and the New Hampshire
Forestry and Rec_eational Deparbment to insure coordination oi a
statewide plan. '

Sincerely yours,

[('Lge\_/t;rf /// -

Ronald F'. Lee
Regicnal Director

EXHIBIT NO, F-9
Page 2 of 2



NiDED=D 11 June 1965

Mr., A, C, Addison, State Conservationist
U, S. Department of Aericulture

S0il Conservation Service

Federal Building

Durham, New Hampshire

Dear Mr, Addisont

I am writing you regarding your letter of 13 May 1965 to General
Ploger concerning our studies of the multinle-purpose Beaver Brook Dam
and Reservoir at Keene, New Hampshire, which was in further reference
to our communication of 26 April 1965, You requested a copy of the.
draft of the revort, or other information upon which to make an evalua-
tion or comment.,

The Beaver Brook project has been in the study phase for sometime.
You may recall that you attended the public hearing on 7 February 1962,
Recently, the City Council amproved a resolution recuesting that this
office submit a survey renort for the subject vrojeect which had, in the
interim period, been studied under the authority of Sectlon 205, Publie
Law 874, 87th Congress. The City Council's action was the final step
in arrivine at a2 mutually agresable plan of develoorment, .

The project is similar to the one reported to your vredecessor,
Mr. Kenneth E, Grant, in our letter of 25 Jamuary 1962, except for the
inclusion of recreation as a project nurvese., The Beaver Brook Dam
will have no adverse effect upon the completed drainage projects in
the Ash Swamp Watershed, In letter of 1 February 1962, your office
- reported that there were no existing plans to work in the watershed,

Iocal interests requested that we expedite our planning in a hope
that the survey report might be part of the upecoming Omnibus Bill. As
requested, we have attached, for your convenience, a copy of the draft
of the survey report., The report is scheduled for submission about
1 July pending receipt of comments from other coordinating agencies.

EXHIBIT NO, F-10
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Mr. A, C. Addison

11 June 1965
The ranoft draft is nearly complete; but subject to final adjustments,
I believe it will afford you with suffieient information upon which
to make your comments,

It is requested that your views be dispatched as soon as possible.

Sincerely vours,

2 Incl JOHN Wm, LHSLIE

1. Draft of Report Chief, Fngineering Division
Ze General Plan
3« Reservoir Map
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WUNITED STATES DEPARTMENT OF AGRICULTURE
SOIL CONSERVATION SERVICE

Yoderal Building
Juarfron, How Happshirve 02824
Sine T, 1965

Brigadier General Robert P, Ploger
New England Division IEngineer

Ue S. Army Corps of Engineers

42y Trapelo Road

Walthar, Massachvsetts

dttention:s Mr, John W, Leslie, Chief, Iinginecring Division.
Jear eneral Ploger:

This is in reply to your letter of June 11, 1965, requesting comments
on the draft report of the Beaver Brook Project in Keene, New Hampshire.

We note from the report that the multiple~purpose dam and reservoir will
include floeod control, a permanent pool for recreationsl purnoses, and
minirm previsions for future water suppiy. The dam will control a
drainage area of six sguare miles and will rrovide a permanent pool of
203 acres. ‘The report also states that the total cost for this project
is $1,960,000 with $1,670,000 being Federal Funde and 290,000 local
funds.,

The cosl-sharing arrangement provides that local funds hear ona~halif
the separable cost allocated to recreation, plus the specific ~osts
allocated .~ future water supply. This is consistent with oracedurss
in Public ,uw 566 under which the Soil Conservation Service carries
out its Gwall VWatersheds Program,

I wouls like to point out that the Soil Conservation Jervice is very
much interested in land treatment work in the Beaver Brook Watershed,
In cooperation with the Cheshire County Soil Conservation District,
soil and water conservation practices are being carried out with
individuval landowners in the watershed. These practices will increase
infiltration rates and reduce soil erosion in the watershed, This will
in turn reduce sediment yields into the reserveir and enhance the value
of the water for recreation and fish and wildlife purposes,

de would refer you to two statements in Section X, paragraph 36, in
reference to the Ash Swamp Project carried out under Fublic Law 566

"An important objective of the project was iand reclamation

by drainage, Incidental floecd contrcl benefits acerue to the
project through the removal of surface water rom precipitation
by the system of channels,.®

SXHIBIT NO, #-11
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These statements are incorrect, and we request that they be deleted
from the report as the Ash Swamp was not a land reclamation project,
We would refer you to pages 19 and 20 of the Watershed Work Plan for
the Ash Swamp, Tannery, White and Black Brooks, which was transmitted
to you on November 27, 1957. The work plan states that fifty percent
of the benefits are allocated to flood prevention and fifty percent to
agricultural and non-agricultural water management, Iand treatment
was also a very integral part of the plan, and the work plammed for
construction during the project installation period has now been
completed, Additional land treatment work is still being carried out
in the watershed in cooperation with the Cheshire County Soil Conser-~
vation District.

We agree that the Beaver Brook Project will not have any adverse effect
on the Ash Swamp Project, However, we would like to point out that
backwater from the Ashuelot River backs into some of the channels during
periods when the release rate from the Surrey Mountain Dam is held at
near bank full stage. This results in poor drainage in the lower reaches
of the Ash Swamp Project during these periods of prolonged high release
from Surrey Mountain Dam,

The Soil Conservation Service is most anxious to coordinate its activities
in New Hampshire with the activities of the Corps of Fngineers, and would
be interested in attending meetings and hearings on projects of mutual
concern both from the standpoint of projects in New Hampshire and those
in the Connecticut River Basin with which we have added responsibilities.
We would certainly be glad to attend meetings of the type held on March 22
and April 7, 1965, if invited to do so.

We certainly appreciate the opportunity to review the draft report on
the Beaver Brook Project, and hope that cur comments will be helpful to
you in completing your final report.

Sincerely yours,

At

A. C, Addison
State Conservationist
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UNITED STATES
PEPARTMENT OF THE INTERIOR
FEDERAL WATER POLLUTION CONTROL ADMINISTRATION

Region I
John F. Kennedy Federal Building
Boston, Massachusetts 02203

June 23, 1966

Colonel Remi Q. Renier
Acting Division Engineer
Corps of Engineers

U. 5. Army Bngineer Division
New England

424 Trapelo Road

Waltham, Massachusetts

Dear Colonel Renier:

This is in reply to your letter of 3 May 1966 in which you request our
comments and evaluation of the revised survey report for the Beaver
Brook Dam and Reservoir Project at Keene, New Hampshire.

The revised report proposes a local protection project consisting of a
multipurpose dam and reservoir with a weter control device in the

upper reaches of the reservoir on Beaver Brook offering flood protection,
recreation, fish and wildlife conservation and a future water supply

for the City of Keene, New Hampghire. This dam, at the full flood
control pool elevation of 822 ft. above mean sea level will create a
reservoir about 2.5 miles long with a surface ares of approximately

310 acres and will impound 5,750 acre-feet of water., The permanent pool
will be maintained by a controlled outlet works and will have a surface
area of 203 acres and a storage capacity of 3,000 acre-feet.

Beaver Prook is a relatively small {ributary of the Ashuelot River,

" which is in turn, one of the principal tributaries of the Connecticut
River. The Beaver Brook watershed encompasses 10 square miles, while
the Ashuelot River drains 421 square miles at its mouth. At the proposed
dam site, Beaver Brook has a watershed area of 5.98 square miles with
an estimsted average flow of 9 cfs. while the Ashuelot River at Surry
Mountain Dam sbout 8 miles upstream from the City of Keene controls a
watershed area of 101 squere miles and has an average flow of about
180 c¢fs.

The City of Keene, New Hampshire with a present population of about
18,000 is the hub of cultural and econcmic activities in southwestern
New Hampshire, It is located 15 miles north of the Massachusetts state

[

EXHIBIT NO, F-12
Page 1 of 3



2

line and 15 miles east of Brattleboro, Vermont and the Connecticut River.
The city is situated at the intersection of two north-south, and two
east-west highways and is also served by Northeast Airlines, the Boston
and Maine Railroad, and intercity bus lines. Numerous streams, including
Ash Swamp, Tannery, Otter, and Beaver Brooks converge near Keene and
contribute to flow in the Ashuelot River which flows through the center
of the Keene business district.

Since the time of the first Keene, New Hampshire Census in the year 1790
when the population was 1,31k, the population of the City of Keene and
adjacent fringe areas has about doubled over each fifty- to sixty-year
period. Between 1900 and 194C the population increased from 9,165 to
13,832. Pollowing World War II the population increased rapidly to
15,638 in 1950. By 1960 the population was 17,562.

Beaver Brook flows southward through the City of Keene and receives urban
runoff from the city storm sewerage system. The waste treatment facilities
of the City of Keene presently provide primary treatment and discharge

to the Ashuelot River. /

Comprehensive water resource investigations (Type 2) are currently being
conducted in the Connecticut River Basin by personnel of this Administration
in conjunction with the Corps of Engineers. Preliminary studies indicate
that storage for water quality control purposes may be required along

the Connecticut and Ashuelot rivers. The need for and value of this water
quality control storage will be determined within the framework of the
comprehensive investigations. A definitive recommendation on wafer

gquality control storage for the Beaver Brook Project will of necessity

be dependent upon the results of these studies. :

We have reviewed the municipal and industrial water supply needs of the
city and believe additional water supply may be required in the future.
OQur review is based upon economic, demographic, and water use criterias
developed for the Connecticut River Basin Comprehensive Water Resource
Investigations. The engineering consultants for the City of Keene, Camp,
Dresser and McKee, have reviewed past population trends and prepared
estimates of future population as part of several public works projects.
They estimate that the population of Keene will increase to about

31,000 by the year 2000 with about 85 percent of the increased population
to regside in the relatively undeveloped area known as West Keene.

This estimate is believed to be reasonable in view of historical population
trends as well as in consideration of current economic and population
trends. In perticular the Ash Swamp Project of the Soil Conservation
Service and the Beaver Brook Project of the Corps of Engineers will
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reduce flood problems and permit development of the West Keene area.
In addition to the availability of land for development, new highways
will provide better sccess for industrial development.

Since large water supply structures are generally designed for a project
life of fifty years, a forecast of the future population of Keene was
prepared. On the basis of an increase of approximately 3,400 persons
per decade over the 1960 porulation of 17,562, it was estimated that

the population of Keene will be about 34,000 persons in the.year 2010.

The city presently satisfies its industrial and municipal water supply
needs from both ground and surface water sources. The mxisting system
is capable of supplying 5.9 million gallons per day {mgd.) with 2.9

mgd. supplied from Babbidge Reservoir and 3.0 mgd. from a well field

in West Keene. In 1965 the city's daily water use averaged 3.2 mgd. with
maximum dsily consumptions of over 5 mgd. Presently, the per capits
consumption is in the order of 118 gallons per capita per day (gcd.).
With regard to the future, we estimate that the water supply demand will
average 7.1 mgd. in the year 2010 with maximum daily consumption
approaching 11 mgd. Per capite consumption will average about 210 ged.
Since the existing system currently supplies 5.9 mgd. and the current

meximum daily demands exceed 5 mgd.,it is apparent that additional water -
supply sources must be developed in order to support the anticipated i}
- growth of domestie and industrial water supply demands. Based on the Kﬁ
information presented above, it is concluded that Keene will require \ﬁ§5
the development of additional sources of water supply, one of which could VX
be Beaver Brook Reservoir, providing an additional yield in the order (PR
of 4.0 mgd. ,\f")\‘
PR A
S\WY
Sincerely yours, . 8
L SN
{\;. 2 'f"\?
‘ﬁﬂﬂa“tb'ZI";%ihdn-bl-u ﬂﬁ&‘gﬁl w'/
‘\1.\? ’ \?
Walter M. Newman, Chief F N\
Water Resources Development Activities ' A f
Federal Water Pollution Control \ﬁ
Administration
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UNITED STATES
DEPARTMENT OF THE INTERIOR

FISH AND WILDLIFE SERVICE
BUREAU OF SPORT FISHERIES AND WILDLIFE

U. S, POST OFFICE ANP COURTHOUSE
BOSTON, MASSACHUSETTS 02109

September 3, 1965

Division Engineer

New England Division

U. S. Army Corps of Engineers
424 Trapelo Road

Waltham, Massachusetts 02154

Dear Sir:

This letter constitutes our conservation and development re-
port on the fish and wildlife resources related to the multi-
ple-purpose Beaver Brook Dam and Réservoir project on Beaver
Brook in the Towns of Keene and Gilsum, Cheshire County, New
Hampshlre. Your study is being made under authorlty contained
in the October 1960 Resolution of the Senate Committee on
Public Works. This report was prepared under the authority of
the Fish and Wildlife Coordination Aet (48 Stat. 401, as
amended; 16 U.S.C. 661-666 inc.), in cooperation with the New
Hampshlre Fish and Game Department, That agency has indicated
1ts concurrence by letter dated September 1, 1965. A prelim-
inary report on f£ish and wildlife resources related to the now
defunct Beaver Brook local flood protection project was re-
leased in May 1962,

We understand that this is a multiple-purpose project for flood
control and recreation. We are also aware of the possibility
_that water supply for the City of Keene, New Hampshire, may
become a primary function of the reservoir in approximately 20
yvears.

The dam would be located about two miles from the City of Keene
and approxlmately 1,100 feet upstream from new Route 9., It

would consist of a rolled earth structure with rock slope pro-
tection and a concrete chute-type spillway. The dam would be
about 53 feet high and control a dra1nai7 area of six square
miles. At spillway crest elevation 822 the flood control pool
would have a surface area of 310 acres. This pool would peri-
odically inundate about 0.7 mile of Beaver Brook. The recreation

1/ All elevations are in feet and refer to mean sea level datum.
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and/or water supply pool at elevation 811l would have a surface
area of 200 acres. This pool would permanently inundate two
miles of Beaver Brook (plate I). Relocated Highway No. 10 will
cross the reservoir a short distance south of the Keene-Gilsum
town line.

Reservoir operational procedures would be to control all floods
to the maximum extent poassible and to evacuate flood waters as
rapidly as downstream conditions permit, Normal stream flow
would pass through an intake tower with bottom conduit., During
periods of low flow, reservoir outflow would be calibrated to
equal reservoir inflow. The proposed recreation pool would be
held as constant as practical at elevation 8ll. No drawdown
data are available for the water supply pool which may supplant
the recreation pool in about 20 years.

We understand that a major recreation area, including facilities
for picnicking, swimming, and boating, is being planned for the
upper western section of the reservoir. It is assumed that lands
will be purchased in fee title to the maximum flood control pool
elevation, plus an allowance for "blocking out". Reservoir
clearing plans are not known at this time,

The lands and waters within the area of project influence sup-
port moderate quality fish and wildlife resources of local sig-
nificance. These resources are predominantly associated with

a 25-acre wetland within the lower reaches of the proposed res-
ervoir,

Beaver Brook, upstream from the project area, has been occasion-
ally stocked with trout. Within the project area the principal
fish species are chain pickerel and brown bullhead, Downstream
from the project the brook does not support a significant fishery.
Current utilization of the fishery resource within the project
area is low, It 1s estimated that average annual fisherman
utilization of this resource over the 50-year period of analysis
will be 150 man-days.

The 25-acre wetland, most of which is the bed of an old shallow
mill pond, maintains a small breeding population of wood ducks
and black ducks. These waterfowl generate the major hunting
interest. Grouse, woodcock, hare, and deer utilize the reservoir
area and contribute to the diversity of hunting opportunity. Fur
animals such as muskrat, wink, otter, and beaver, though present,
constitute a resource of minor value. During the period of
analysis, the average annual hunter-utilization of deer, upland
game, and waterfowl resources in the reservoir area are estimated
to be 40, 60, and 50 hunter-days, respectively.

Construction of the Beaver Brook Dam will create a 200-acre
reservoir with suitable fishery habitat for predominantly
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“warm-water species., Reservoir fishery resources will consist pri-
marily of chain pickerel, brown bullhead, and largemouth bass., A
possibility exists for establishment of a marginal brown trout
fishery. Downstream conditions will not be sufficiently altered to
create a significant fishery. During the period of analysis, the
average annual utilization of the reservoir fishery is estimated to
be 3,750 fisherman~-days for the recreation pool. If the reservoir
becomes a water supply, the present policy of the City of Keene which
prohibits recreational use of water supply reservoirs may prevail.
Should this occur, the average annual utilization will be only 950
fisherman-days over the period of analysis.

Benefits accruing to the fishery resource will be 3,600 fisherman-
days 1if the reservoir remains open to fishing throughout the period
of analysis, but only 800 fisherman-days if fishing is prohibited
should a water supply be involved. These represent net recreational
values of $3,600 and $800 respectively.

Table 1, Average Annual Fishery Utilization and Values

Without-the-Project With-the-Project Net Gain
Plan Man-Days $ vValue Man-Days § value Man-Days Value
Recreation 2/ 150 150 3,750 3,750 3,600. 3,600
Ylater Supply 150 150 950 950 800 800

1/ Evaluation based on 50-year project life.
2/ Uith-the-project values applicable if in about 20 years fishing
should be prohibited for remainder of project life.

The reservoir will permanently inundate 200 acres of wildlife habitat
including the productive 25-acre wetland area, No benefits will accrue
to the waterfowl resource since only a token number of birds is ex-
pected to utilize the area. Stabilization of the recreation pool will
have little effect on the fur resource. During the period of analysis,
all hunting opportunities amounting to 150 hunter-days are expected to
be eliminated from the reservoir area.

In discussions with your staff concerning a method whereby the lost
wildlife resources could be mitigated, it was concluded that the most
satisfactory solution would be the construction of a dike near the
upper reach of the flood pool. This dike would create a subimpoundment

of 50 acres that could be managed for waterfowl. The outlet struc-
fure would contain stoplogs to permit water level manipulations from
elevation 822 to 828, As part of the wildlife loss compensation, a
boat launching ramp and half-acre parking area should be provided for
hunters at the subimpoundment. We have been advised by your staff
that the dike and access facilities will cost approximately $15,000.
Construction and maintenance of the mitigation facilities should be
funded as nonreimbursable Federal project costs.

3 EXHIBIT NO, F-13
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The subimpoundment area should not be included in the general
reservoir clearing plan. A winor incidental pickerel and
bullhead fishery may become established in the subimpoundment.
The lands and waters of the subimpoundment should be made a-
vailable to the New Hampshire Fish and Game Department for
administration under a General Plan for Fish and Wildlife
Management pursuant to the provisions of the Fish and Wildlife
Coordination Act.

We understand that present Route 10 will serve as an access
road to the main reservoir recreation area, Recreation plans
should include a boat launching ramp coupled with a one-acre
parking lot for fishermen access to the Beaver Brook Reservoir.

The New Hampshire Fish and Game Department will stock appfopri-
ate fish species in Beaver Brook Reservoir and assume management
of the fishery resource as far as deemed practical.

As detailed project data become available, subsequent to project
authorization this Bureau will wish to review the Corps' plans
regarding project zoning, public access, timber clearing, sub-
impoundment .dike, and other features to assist in development

of a plan that gives adequate consideration to fish and wild-
life resources and their utilization.

We recommend: ==

1. That project-occasioned wildlife resources losses be
mitigated by constructing a dike near the upper reach of the
flood pool to create a shallow subimpoundment essentially as
desceribed in this report, construction and maintenance costs to
be funded as nonreimbursable project costs.

2, That recreational plans include a boat ramp and l-acre
parking area at the reservoir, and a one~half-acre parking area
-and boat ramp at the subimpoundment.

3. That fishing be encouraged in the reservoir even though
it may be used for domestic water supply.

4. That the subimpoundment be excluded from the general
reservoir clearing plan.

5. That the lands and waters of the subimpoundment be
made available for administration by the New Hampshire Fish and
Game Department under a General Plan for Fish and Wildlife Man-
agement pursuant to provisions of the Fish and Wildlife Coordin.
ation Act.

6. That the report of the Corps of Engineers include lan-
guage recommending that additional detailed studies of fish and
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wildlife resources be conducted, as necessary, after the project
is authorized, in accordance with the Fish and wildlife Coor-
dination Act, and that such reasonable modifications be made in
authorized project facilities, or operations, as may be agreed
upon by the Director, Bureau of Sport Fisheries and Wildlife,

the Chief of Engineers and the Director of the New Hampshire Fish
and Game Department for the conservation, improvement and de-
velopment of these resources,

Sincerely yours,

e Quns

Acting Regional Director
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CITY OF KEENE

IN THE YEAR OF QUR LORD ONE THOUSAND NINE HUNDRED_______Sixty-Six

A RESOLUTION relating to Beaver Brook Dam

Resolved by the City Council of the City of Keene, as follows:

threas the City of Keene desires to control the flood damage caused by the Beaver Brook,
an

Whereas the U.S. Army Corps of Engineers has submitted a preliminary plan for a multi-
purpose flood control-water supply-recreation facility on Beaver Brook, and,

Whereas the Corps plan provides preliminary information indicating the feasibility of
this project--tentative financing as follows:

Corps of Engineers Flood Control Graat $396,000
Corps of Engineers Recreation Grant 261,500
Corps of Engineers Long-term Note--Water 266,000
Corps of Engineers Long-term Note--Recreation 51, 500
City of Keene 102,500
State of New Hampshire Grant 102,500
Bureau of Public Roads -State of N.H, Highway

Relocation 727,000

Total Project $T,907,000

Whereas it is necessary for the City of Keene to agree to certain requirements of
the project, namely,

Provide land, easements, and relocations for the project.
Hold U.S. Government harmless from damages,

Maintain and operate project after completion,

Prevent future encroachment on flood control function.
Pay for certain non-flood control costs.

i laro

Whereas the water quply feature of the dam is of substantial benefit to the City,
providing water supply capacity equal to the present City system,

Whereas the recreation lake of 203 acreas will be of considerable benefit to_ the City
of Keene in its development as a center for New England water sports and relaxation.

Now therefore be it resolved by the City of Keene as followg:

) The City of Keene urges the approval of this project as
outlined agove by the United States Government, and hopes
for its expeditious handling by Congress.

2) The City of Keene agrees to the general preliminary cost
outline and conditions set forth in the preamble, and

3) The City of Keene pledges its cooperation in all ways
with the Corps of Engineers and other governmental agencles
to make this much-needed project a reality.

S
PASSED  April 21 1966

A true copy
Attest: /i_a? Ci /;mj’m,,
City Clerk
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UNITED STATES
DEPARTMENT OF THE INTERIOR

FISH AND WILDLIFE SERVICE
BUREAU OF SPORT FISHERIES AND WILDLIFE

uU. S, POST OFFICE AND COURTHQUSE
BOSTON, MASSACHUSETTS 02109

May 11, 1966

Division Engineer

U.S.Army Engineer Division, New England
Corps of Engineers

L2, Trapelo Road

Yaltham, Mass. 02154

Dear Sir:

Thank you for your letter of May 6, 1966 concerning the status
of the Beaver Brook Dam & Reservoir project at Keene, New Hampshire,

Ve appreciate your consideration in keeping us advised on the

development of the project.

Sincerely yours,

Regional Director
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Federal
Durham, New Hampshire  0382L

May 17, 1966

Colonel Remi 9. Renier

Acting Division Engineer

U. S. Army Engineer Division, New England
L2l Trapele Road

waltham, Massachusetts 02154

Dear Colonel Renier:

Receipt is acknowledged of your letter of 6 May 1566 concerning
the status of the Beaver Brook Dam and Reservoir Project at
Keene, New Hampshire.

We very much appreciate your keeping us informed of such projects.

Sincerely yours,

A. C. Addison
State Conservationist

ACAddison; AWC
May 17, 1966

cec
Ll Jo Peet‘
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UNITED STATES £1918 %
DEPARTMENT OF THE INTERIOR 2 = §
NATIONAL PARK SERVICE %‘3 1966;
@ Xad
NORTHEAST REGION 4NNIve

143 SCUTH THIRD STREET
PHILADELPHIA, PA. 19106

L7423
NER(OM) MAY 23 1966

Your reference:
NEDED-D

Lt. Colonel W. H. Kastner
Corps of Engineers

24 Trapelo Road

Waltham, Massachusetts 02154

Dear Colonel Kastuner:

We sincerely appreciate your thorough letter of May 6 detailing
the status of the Beaver Brook Dam and Reservoir Project at
Keene, New Hampshire.

We shall continue to follow with great interest your fuiture
reports of the development of this latest multiple purpose pro-
Ject designed to further promote conservation, recreation and
flood control in the Northeast.

Sincerely yours,

e George
Acting Regional Director
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: UNITED STATES
DEPARTMENT OF THE INTERIOR
BUREAU OF OUTDOOR RECREATION .
128 N. BROAD STREET © Your ref:
PHILADELPHIA, PENNSYLVANIA 19102 NEDED~E

IN REPLY REFER TO:
DY

February 27,'1967

Division Engineer

T Corps of Engineers, New England Division
k2l Trapelo Road
Walthem, Massachusetts 02154

Degr Colonel Renler:

In reply to Mr. Leslie's Februsry 13, 1967 request for our ¢comments

and evaluation of the recreational aspects of the proposed project

on Beaver Brook, Keene, New Hampshire, and within the authority )
- contained in the Bureau's Organic Act of 1963 (77 Stat. 49) and

the Federal Water Project Recreation Act (79 Stat. 213), we offe

the following: _

We have reviewed the revised Survey Report dated December 1966 giving
particular attention to Appendix E, Recreation, and are in general
agreement with your findings, conciusions and recommendations.

We understand that the reservolr will provide storage for flood
control, general recreation, fish and wildlife conservation, and
future water supply at an estimated total first cost of $1,907,000,
with the Federal first cost estimated at $883,500 and the non-Federal
at $1,023,500. Non-federal participation to include the provision of
all lends, easements end rights-of-way and operation and maintenance
of the completed project in accordance with the 1936 Flood Control
Act, as amended; the Federal Water Project Recreation Act; and the
Water Supply Act of 1958, as amended.

Your estimated initial costs of $103,000 for recrestion development
and total annual costs of $8,900 sppear reascnable to us. In view
of the proposed project's relatively small size, 200 acres for water-
based recreational ectivities, its proximate location to Keene, New
Hampshire and several other population centers, and the limiting
aspects of the surrounding topography, we concur with your plan to
develop primarily a day use area for an estimated annual visitation
of 53,600 which includes 3,600 men days of fishing as estimated by
the Fish and Wildliife Service, We also consider your estimate o&f
equivalent average annual benefits of $32,000, considering the periods
with and without water supply, to be logical and in accordance with
established procedures. '
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Your recreational development plan is further supported by New Hampshire's
current Comprehensive Outdoor Recreation Plan, and the Connecticut

River Basin Comprehensive Study, which indicates a significant need

for additional water-~oriented recreational- develorment in the area.

We do have a question regarding the location of a pit type tollet at
approximately elevation 817 which is within the flow line of spillway
crest, elevation 822, as shown on the development plan, Plate No. E-1.
Since the reservoir may be used for a waeter supply some 20 years
following construction, we believe consideration should be given to
relocation of this facility when general design memorande are formu-
lated. We feel this may prove to be an important consideration if
and when the reservoir 1is used for water supply. Although current
state policy limits recreational use of water supply reservoirs, this
may not always be the case in face of increasing public pressure to
fully utilize the resource. In our opinion, the presence of a pit type
toilet within the spillway crest flowline could have a bearing on the
decision to use the reservoir for a water supply either with or with-
out restricted recrestional use.

We recommend:

1. That full recreational use be encouraged if'and when the reservoir
is used for water supply.

2. Thet sanitary facilities be located sbove areas which would be
periodically inundated.

3. Thet acquisition include the area between the reservoir and the
proposed relocation of Route 10.

4, That boating be restricted to small boats with limited horsepower,
in order to avoid conflict with fishing, swimming, and other
recreational uses on this relatively small facility.

We appreciate this opportunity to comment on your revised Survey Report}

Sincerely yours,

Rolland B. Handley
Regional Director

EXHIBIT NO. F-18
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ATTACHMENT T =~

'DIGEST OF PUBLIC HEARING

l. This attachment presents a digest of the public hearing
held at Keene, New Hampshire, on 7 February 1962, Hearing Officer,

Lt. Colpnel.Uriah_N; Orr. The purpOSe:of the hearing was to as- .

- certain the needs”anﬁ desiresrfbr flood:control and allied pur-

poses on Besver Brook at and in the vicinity of Keeme.
2. The attaghﬁent contains a diggst:of statements by state

and local offiéiéiéféﬁd other intéreétéa:pérties, and also of

letters submittéq;at-the hearing,



Speaker

DIGEST OF PUBLIC HEARING 7 FEBRUARY 1962

Interest Represented Improvement Desired

Reagons Advanced and Other Remarks

Mr. James B, Miskelly

Mr. Walter G. Vhite,
Chairman

Mr, Robert Whitaker,

Peputy Chairman

¥r. Jonathan Pollard

Mr., Donald Chiek,
City Manager

¥r, Robert Shaw,
City Engineer

U. S. Senator Maurice J.

. Murphy, Jr,

Now Hampshire Water Re-
sources Board

New Hampshire Department
of Public Works and High-
ways

New Yampshire Plarming

and Development Comm.

City of Keene Suggestions for study:

a, Flood control dam & res.

b. Channel improvement of
Beaver Br, throuwgh Keene,

¢, Diversion of Beaver Brook,

d. Dredging of Ashuslot River.

e. Modification of dam at
West Swanzey.

City of Keeno Flood Control Project

1

Citisen of Keene and familiar with problem of Beaver Br.
flooding. As officlal delegate of U, S. Semator Murphy,
interested in officisl proceedings of meeting,

Aware of Keene's long history of flood damage, the Board
stands ready to cooperste with any agency in helping to
bring about additiocnal floed protection,

The Department looks with favor on a (flood comtrol)
project on Beaver Brook, They stand ready to cooperates,
and have already done so by deferring their ralocation
of Route 10 in the reservoir area in order teo coordinmate
with the flood control studies,

The Commission offers its services to coordinate local
and state plans for future use of the reserwvoir,

There would be downstresm bemefits from a (dam) project
on Beaver Brock, although diversion would not help down-
stream. The City of Keene is plagued with drainage prob-
lems, and high water causes backup and leakage in both the
sanitary and storm water drains. Some people think that
nothing can be done without controlling the level of the
Ashuelot. Mr. Chick thinks that s mlti-purpose flood
control project would siretch the Federal dollar to the
maximum degree.

Major floods (in Beaver Brook) can be caused by a 2.5
inch rainfall, and occur at 5 to 10-year intervals, Mipor
flooding occurs annuelly, The Corps damage estimate for
the 1960 flood is perhaps conservativs,



Speaker

Intersst Represented

Improvement Desired

Reasons Advanced and Other Remarks

Mr. Darrell Root,
Partner: Camp,
Tresser & McKee

¥r, J. F, Burke,
Public ¥orks
Superintendent

Mr. Don Cook,
Councilman

Mr. William E. Arnold,

City Health Officer

Consultants to City of

Keene

City of Keene

Ward 1, Keene

Department of Health,
Keene

Alternstive measuress

a. Fleod control dam.

b. Lowering level of Ashuelot.
c¢. Channel improvement.

Flood Control Project

Flood Control Project

Flood Control Project

-

There are serious drainege problems in the Beaver Brook
flood plain, For improvement of drainage, the water
level in Beaver Brook must be lowered. If there is any
possible way to utilize and incorporate water sapply
Pacilities within the proposed dam, it should be made
definitely o part of that study.

Streetg over Beaver Brook sometimes have to be closed
off for as much as 15 days during high water. This
creates a problem in sanitary facilities, in which the
U. S. Public Health Service may take an interest. The
demand for sewsge treatment during high water exceeds
the capacity of the plant. Damages are not limited to
the flooded areas, since extra municipal expenses are
paid by the taxpayers at large.

We have a problem that the City of Keene cannot solve
without the help of the Federal Governmemt. I have seen
a matter of four or five thoussnd dollars put into the
budget for riprap and walls and then seen the wallas
washed out through the next storm, Within s helf wmile of
Beaver Brook, we have the biggest concentration of taxable
property in the City of Keene. We had a problem ocut in
West Keene with drainage and we solved it. We have a
bigger problem here...end the only way we can do it is
cooperate with the Federal Government and get on the -
ball now,

T would like to go on record in regard to the public
health situation of the backup into the sanitary sewer
lines. It ia a very sericus problem snd if this (proj-
ect) will take care of it, it is a véry worthy con-
sideration, :



Speaker

Interest Represented

Improvement Desired

Reasons Advanced and Other Remarks

¥r, Robert L. Mallst,
“ayor

¥r, Edward P. Nolin,
President

Letters from 59 prop-
erty owners

¥r, Fdward Fllingwood,
Executive Vice-Presidemt

Mr, E1i Court

Mr. Arthur English,
General Manager

City of Keene

Beaver Brook Assocliation

Beaver PBrook Association
and selves

Industrial Foundation
{of Keene)

Keene “jocd Heel Co.

Abbott Company (Juvenile
TFurniture)

Possible solutions to flood

problems

a. Flood control dam.

b. Channel improvement in the
Ashuelot River.

¢, Diversion of Beaver Brook.

d, A combination of 211 or
parts of the above,

Flood Centrol Project

Flood Contrel Project

Flood Control Project

Flood Control Project

Flood Control Project

Two major problems in Keene: (1) flooding of residential
and industrial areas, and: (2) disruption of storm and
sanitary sewer facilities.

The condition has become increasingly worse. A solution
mst be forthcoming before any improvement can be made
in the whole areas, The City feels that there are bene-
fits to be gained, not only directly below the proposed
dam but also in the aress to the south of New Hampshire.

$2,516,000 worth of property betwean Beaver and Water
Streests subject to flooding, 285 people signed the orig-
insl request for action. The flooding has become worse
and more frequent since the 1938 flood, In view of the
State rosd building program, and the fact that a part of
the City is flooded out sbout every three years, there
should be no further delay in flood control.

Damages, Deterrsd from improving Health haxard from
sewage, Inconveniences and hardship, Business and
personal losses, Deprecilation of values.

The Foundation is definitely in support of some type of
correction of the flooding situstion, We are not here
to complain or eriticise, but to back up what we think
the Corps will recommend for this correctiom,

High scare costs (sandbags, etc.). In 1960, toilets
could not be used for three days, Water level came in
on the fleor. If it had been one-foot higher, the motors
that run the lathes would have been lost, as they were in
1538, Something should be done.

Had quite & bit of damage in the 1960 flood. Heavy
machinery and inventories, on ground floor, have had teo
be moved twice. Hopes that some sclution c¢an be found.



Speaker

Interest Represented

Improvement Desired

Reasons Advanced and Other Remarks

¥r. Chester Kingsbury

Mr. Fred Paley

Mr, Franklin Carey,
Treasurer

Mr. Otto E. Remter

Mr. Fred Hickok,
President

Mr. John Sias,
Managing Director

Kingsbury Machine Tool
Corporation

Dalbolt Co. (printing)

Carey Chair Manufacturing
Company

‘Henkel Company

Cheshire County Savings
Bank

Greater Keene Chamber of
Commercs

Flood Control Project

Flood Control Projeect

Flood Contrel Project

Flood Control Project

Flood Contro) Dam

Ficod Control Dam

Heavy damages in 1935, Channel improvement and dikes
built. While the Surry Mountain and Otter Ercok Dams
have helped the situation, 1t is st111 the volume of
water that flows. in Beaver Brook that causes the trouble
in the eastern part of the city snd remains a serious
and potentisl danger until some correction is made.

Heavy preventive expenaés. This is certainly a project
that we deem most important.

Puring any high waters, we have experienced consistently
a backing up of the sewers into our facilities and this
can last from two, three or four days. Therefore, we
are very much in favor of a sclution to the problem of
the flocoding of Beaver Brook,-

In past years, the water has come dangerously close and
perhaps the matier of an inch rdght have caused damage
in the factory. We are in favor of having any improve-
ments that could be done in the direction outlined at
this meeting sc far,

The trustees strongly favor tha building of a flood con-
trol dam and reservoir to control the Besaver Brook situ-
ation. 3Signs of increasing blight caused by flooding
conditions which make homeowners unwilling or unable to
correct the situation,

By vote of the Executive Committee and President, Robert
D. Clark, Jr., this economic development orgeniszation,
representing the active interests of 280 business and pro-
fessional organizations, goes on record as actively sup-
porting the proposed dam on Beaver Brook.




Speaker Interest Represented Improvement Desired Reasons Advenced and Other Remarks

Greater Keene Chamber of :
Cormerce (Cont'd) The Chamber believes the ratio of cost t¢ savings warrants
: the construction of this dam. The Charber believes the

proposed dam will result in economic protection of homes
and businesses in the arees served by the dam, The Chamber
also believes this dam will do much to control health and
sanitation problems resulting from the periodic flooding
of the area, the most populous in the city. The Chamber
also expects this dam will do mch to preserve employment
in those tusinesses usually affected by flooding.

From both the points of economic and human values, the
Chamber believes the proposed dam shcould be constructed,

¥r. Whelan Tunn, Keene Cooperative Bank Flood Control Project "The Keene Cooperative Bank wishes to go on record as
Treasurer being in favor of any action which can be taken to con-
trol Beaver Brook and the dsmage caused by its flooding.

Our investment in the area sffected by Beaver Brook
consists of 22 mortgages totalling $131,321.L40 and is
low in comparison to our investment in other areas. It
is the result, however, of our reluctance %o invest in
an area where unfaverasble conditions exist, which can
¢cause property damsge, loss of value and make the dis-
position of real estate more difficuit.

We believe, therefore, that the control of Beaver Brook
is absolutely necessary,that is is in the best interesta
of the people and that it will aid in the economiec
development of the area.” ({Letter from Roland L, Hsrper,
Executive Vice-Presidemt).

Mrsg, Mary Hulslander Husbsnd's Plumbing and Flood Control Project We have seen what this flooding does in the homes in
Heating Firm Keene - to their heating and plumbing, and we would
. like to go on record as hoping that something will be
done for the people,



Speaker

Interest Represented

Irprovement Desired

Ressons Advanced and Other Remarks

¥r, R, L. Champagne,
Principal

Mr, Michael Blastos

Mr.Thomas Blake

Mr. Jeremiah Keating

¥r. Francis Callshan,
Councilman

Mr, Gerard F, Ruasell-
City Councilman
(by letter)

Mr. Robert F, Babeock
{by letter)

Simon School

Jemes Tasoulas Reslty
& Market, Ine.

Self and Family

Store owner, Ward 1

Yard 3

Ward 5

Self

Flood Control Project

Flood Control Project

Flood Control Dam

Flood Control Project

Flood Contrel Project

TFlood Control Project

Flood Control Project

Has seen youngsters wading in {flood) water up Yo thelr
armpits, has seen them drinking the water. Would like
to go on record favoring (Corps) disposition on this
pl‘ojmo

Primarily concerned about tensnts, the heating condi-

tions that are eliminsted with flooding, and the sani-
tary conditions which are prevailing whenever there is
flooding. Would like to go on record as backing this

(project) one hundred per cent.

T believe there is only one solution to the problem we
are concerned with in the Beaver Brook flood plain, snd
that is the construciion of the Beaver Brook flood con-
trol dam. )

Would like to go on record and be very much in favor of
some situation being done in Ward 1. I run & store on
the cornsr of Marlboro and Grove Streets., We deliver
groceries in a boat. The water comes up acroes to the
corner of the brock on Marlboro Street, but I sold my

‘boat now and don't know what I would do if the water did

come up there again.
Wishes to go on record in faver of the project.

»ss™ant to go on record as being very much in faver
of the Beaver Brook Flood Control Project.®

The writer has personslly seen raw sewerage pouring out
on several of our streets when Beaver Brook reaches flood
stage. We are not certsin what the tie-in is between the
brook and our sewerage disposal systew, but in any event
it $3 a filthy mess and if the control of the water in
Beaver Brook eliminates this source of almost any wide-
spread disease in our commnity, it is urged that the
project be completed,




Speaker

Intsrest Representad

Improvement Desired

Reasons Advanced and Other Remarks

Mr, Ronald P. Bach,
Progident {by letter)

Mr. John W, Panek

Mr. Richard Bean,
~*" Prasident (by letter)

Mr. Joha R. Holbrook

Edward P, Nolin,
President

Keene Savings Bank

Self

R, E. Bean Construstion
Company, Inc,

John R, Holbrook Assoclates

Beavar Brook Association

Flood Control Dam & Resarvoir

Fload Control Dam

Flood Control Project

Flood Control Dam

Fleod Control Project

"In connection with the public hearing to be held on
February Tth in Xeene respecting flood control on Beaver
Brook please be advised that this Bank has the following
real estate investment in the effective area: ... The total
assesssd valuation of these properties is 3195,150,

We have become increasingly concerned over the flooding of
Beaver Brook; that sanitary conditions in the area at the
time of flooding constitutes a menace to the health of the
community; that as we go sbout appraising real estate in
the area for the purpose of making mortgages we can see
progressive evidence of blight, Therefore, we favor
building a flecd control dam and reserveir; in fact it is
imperative that this step be taken for the good of the
coﬂﬂumty."

Please cast my vote in favor of the proposed Beaver
Brook Dem in Keene, New Hampshire.

"Ja are in wholehearted suppert of any project that will
definitely aid the area from flooding, and therefore aid
in its sanitation,

A flood control dam on Beaver Brook is strongly recom-
mended by this office.”

The following petition was presanted to the Mayor and
City Council, April 1960,

To the Honorable Mayor and City Council: The follouing
residents of the City of Keene, hereby petition for nec-
essary improvements to the drainage system of Beaver
Brook and to the sanitary sewer system of the City of
Keene, to alieviate the flooding of strests and propsrty
and the overflowing of sewers along Bsaver Brook and ad-
Jacent areas,

(Pollowing are the signatures of 2385 Taxpayers and property
owners who signed the above appeal)",
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INTERIM REPORT ON REVIEW OF SURVEY
BEAVER BROOK, ASHUELOT RIVER,
KEENE, NEW HAMPSHIRE
NOVEMEER 1966

ADDITIONAL INFORMATION ON RECOMMENDED AND ALTERNATIVE
PROJECTS CALLED FOR BY SENATE RESOLUTION 148, 85th.

CONGRESS, ADOPTED 28 January 19L8

1. PROJECT DESCRIPTION AND ECONOMIC LIFE

The recommended dam and reserveir project would be located
about 2.5 miles north of the center of Keene, New Hampshire, and
1,100 feet upstream from where New Hampshire State Route No. 9
crosses Beaver Brook., The project, which would protect residen-
tial, commercial and industrial property in Keene and also reduce
stages in the downstresm flood plains of the Ashuelot and Conw-
necticut Rivers, provides a permanent pool for recreation, fish
and wildlife conservation, and future water supply. The plan of
improvement includes the relocation of New Hampshire State Route
No. 103 utilities consisting of telephone and electric power lines
along Route 103 a 115 kv transmission line which crosses the res~
ervoir area sbout 1,200 feet upstresm of the dem will be relocated
south of the dam site; the construction of an earth dam, concrete
spillway, and outlet works; minimum provisions for conversion to
water supply; and a recreation facility area for bathing, boating,
fishing and picnicking. Alternative methods of protection, such
as channel improvements, channel relocations and modification of
existing dams have been given preliminary study. These plans were
found to be either more costly than the recommended plan or im-
practical. A complete description of the recommended plan is given
" in Section XTIT of the main report and in Appendix C.

The proposed project has been evaluated on the basis of a 100~

year economic life, however, Table 1 of this attachment shows a
comparison of 50 and 100-year economic life,
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2. PROJECT COSTS

The estimates of first costs and annual charges have been
prepared on the bagis that local interests would provide the
assurances and non-Federal costs and reimbursements recommended
in Section XXI of the main report. :

Project first costs are based on average bid prices for
similar work in the same general area, adjusted to 1966 price
levels. Annual charges in the report are based on interest on
the investment and amortization over the assumed project life,
to which are added amounts for maintenance and operation of the
project and interim replacement costs of equipment having an
estimated 1ife of less than the economic life, Interest rates
are 3,125 percent: for Federal and non-Federal costs, First.
costs and annual charges are summarized in Table 2 of the main
report and detsiled in Table No. C-2 of Appendix C.

3. PROJECT BENEFITS

Average annual benefits that would be realized from the-
recommended project are $113,600 for flood control, $32,000
for recreation, and $20,100 for water supply. Flood control
benefits in the Ashuelot River Basin for the Beaver Brook Dam
are taken as acting next after Surry Mountain and Otter Brook
Reservoirs. Tc determine the average annusl water supply bene-
fits which would a¢crue to the recommended reservoir, the annual
charges for'the alternative single<purpose water supply reservoir
were discounted to reflect the estimated period before water
supply would first be used after completion of the project. The
average annual recreation benefits were discounted to reflect the
preclusion of water contact activities when the reservoir is
utilized for water supply. Table No, C=7 in Appendix C gives. a
summary of benefits and benefit-cost ratios for the recommended

project and for each of the project purposes ineluded,

Intangible benefits, including prevention of loss of life,
prevention of disease caused by flooding of polluted water,
elimination of the need for emergency evacuation measures and
the stabilizing effect on community life in the wvalley would
glso be realized from the construction of the Beaver Brook Pro-
Jecta

L, BENEFIT-COST RATIOS
Table 1 presents a comparison of project costs and benefits_

for the Beaver Brook project. -The ratio of annual benefits to
anmual costs is given for both a 50 and lOO-year projact life,
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Benefits are based on tangible benefits as given in Paragraphs =
52 to 56 of the main report. Annual costs consisting of in-
terest on investment, amortization and maintenance and operation
and allowance for major replacement costs, are reported in Para-
graphs 50 and 51 of the report. The benefit-cost ratio for the
plan of a 100-year project life is substantially the same for
each of the three methods of cost allocation used, and the same
holds true of the plan for a.50-year project 1life, The benefit-
cost ratio for the 100-yesr project life is significantly greater
than that of the 50-year project life.

5. PHYSICAL FEASIBILITY AND COST OF PROVIDING FOR FUTURE NEEDS

A11 foreseeable future needs have been considered in formu-
lating the project. The recommended improvement will reduce
flood flows on Beaver Brook downstream of the dam site to its
confluence with the Ashuelot River and provide substantisl pro=
tection to presently flood prone property, as well -as lower
stages in the downstream flood plains of the Ashuelot and Con-
necticut Rivers. The project will also provide a permanent pool
to be utilized for recreation purposes until such time as the need
for-additional water supply for the City of Keene becomes evident.
Minimum provisions for water supply would be incorporated into the
outlet structure of the dam at a cost presently estimated at $20,000.,

Construction of a multiple~purpose dam and reservoir at the pro-
posed site would help satisfy needs for recreation and future water
supply in addition to flood control. Each need would be met more
sconomically by this combination of purposes in one dem and reser-=
voir than it would be by construction of a single purpose reservoir
- for that purpose.

- Immediate needs for flood control and recreation, which are
both physically and economically feasible, would be met by the
construction of the Beaver Brook Dam and Reservoir, The conversion
of the recreation pool to water supply storage would yield L million
gallons per day and would meet a shortage expected to begin to mate-
rialize about 20 years after project completion, The inclusion of
minimum provisions for futuré water supply in the outlet structure
of the dem will preclude the construction of these works in- the
future at a substantially higher cost.

6, ALLOCATION OF COSTS

Allocation of costs for the project purposes of flood control,
water supply and recreation were computed by (1) the separable cost-
remaining benefits method, (2) the priority of use method, and (3)
the incremental cost method for project economic lives of 50 and 100-
years. The cost allocation summary is shown in Table No. 2.
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7o [EXTENT OF INTEREST IN PROJECT

.The recommended plan received the approval of State and
City officials and many of the local citizens at & public hear-.
ing and subsequent meetings, Copies of letters commenting on
the project and abstracts of statements given at the hearing
are contained in Appendix F and in Attachment I. Firm sasur-
ances of local participation would be obtained after ‘suthoriza-
tion, but prior to initiation of construction,

8. REPAYMENT SCHEDULES

There are non-Federal costs and reimbursable features ine-
corporated in the recommended plan. Any required cash contri-
bution or reimbursement by non-Federal interests would be made
in accordance with applicable Federal law,

an-Federal costs congist of ‘providing lands and utility and
highway relocations necessery for the construction and operation
of the project currently estimated at $402,000.

‘ Payment for water supply is required of local interests on

the basis that they would repay the United States for that por-
tion of the construction costs allocated to water supply within
the 1ife of the project but in no event to exceed fifty years
- after the project is first used for the storage of water for

‘water supply purposes, except that (1) no psyment need be made
with respect to storage for future water supply until such supply
is firat used, and (2) no interest shall be charged on such cost
until such supply is first used, but in no case shall the interest-
free period exceed ten years,

Payment of the cost allocated to water supply, currently esti-
mated at $10L4,000 is a requirement of local participation in the
recommended Beaver Brook Dam and Reservoir project. The water
supply storage is not expected to be needed for about 20 years
subsequent to project completion and, under the provisions of the
Water Supply Act of 1958, as amended, the maximum allocated cost
of storage for future use cannot exceed 30 percent of the total
project investment. Local interesis would alsoc be required to
pay the allocated annual costs of maintenance, operation, and
major replacements, currently estimated at $1,800,

Under the provisions of H. R, 5269, 89th Congress, local
interests would also have to bear not less than one-half the
separable costs of the project allocated to recreation and fish

-
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and wildlife enhancement, an amount currently estimated at
$51,500, and all the costs of operation, maintenance, and
replacement of recreation and fish and wildlife enhancement
lands and facilities, an amount currently estimated at $7,100

annually.
9. PROPOSED INCREASES IN APPROPRIATIONS

The recommended project would increase the necessary
Federal appropriations required for the construction of flood
control projects in the Connecticut River Basin by $819,500.
The present basin~wide flood control plan for the Connecticut
River, together with the status of each element, is given below,

Projeact Prese.nt Status

Dams and Reservoirs

Union Village, Vermont Complete
North Hartland, Vermont "
North Springfield, Vermont "
Ball Mountain, Vermont - "
Townshend, Vermont 1
Surry Mt,, New Hampshire "
Ctter Brook, New Hampshire "
Bireh Hill, Massachusetts "
Tully, Massachusetts w
Barre Falls, Massachusetts _ "
Knightville, Massachusetts "

Mad River, Connecticut "
Iittleville, Massachusetts " -
Conant Broock, Massachusetts . Under Const Crwjslel
‘Colebrook River, Connecticut " " o
Sucker Brook, Connecticut Under Design .es™
Claremont, New Hampshire _ Being Restudied

n fr

Victory, Vermont

Gaysville, Vermont " "
The Island, Vermont Deferred
Alt. for Sugar Hill, N,H.' " Inactive
So., Tunbridge, Vermont "
West Canaan, New Hampshire "
Ludlow, Vermont "
Brockway, Vermont "
Cambridgeport, Vermont "
Honey Hill, New Hampshire "
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Project

Present. Status .

Local Protection Projects .

Northampton, Massachusetts

Holyoke and Springdale, Massachusetts

Chicopee, Massachusetis .

West Springfield and Riverdale,
Massachusetts. .

Springfield, Massachusetts

East Hartford, Connecticut

Hartford, Connecticut '

Weston, Vermont

Keene, New Hampshire

West Warren, Massachusetts

» Winsted, Connecticut

Chicopee Falls, Massachusetis

Ware, Massachusetts . \

Gardner, Massachusetts '

Three Rivers, Massachusetts

Westfield, Massachusetts

Indlow, Vermont

domﬁiéﬁe
i

#

AN

Under Constr ww.- [
Under Design T.ee™
Inactive

10, EFFECT OF PROJECT ON STATE AND LOCAL GOVERNMENTé

The proposed improvements will necessitate the acquisition
of about 730 acres of land in fee. Loss of taxes on land areas
to be inundated by the reservoir has not been included as it is
expected that enhancement of lands along the periphery of the
proposed reservoir will offset any tax loss on inundated areas,
Overall tax revenues will tend to increase due to construction
of the recommended project, based on increased value of property
through removal of the flood threat, and the stimulation of new
construction in the flood-prone areas. No detailed estimate of
this increase has been made as it will result from {a) the pro-
Ject; (b) increased economic activity in the area induced by
population and industrial growth and (¢) improved access by new.
highway construction. An estimate of costs for the relocation
of State Route No. 10 and intersecting local roads has been in-
cluded in the analysis, , b

11, ALTERNATIVE PROJECTS
An evaluation of all the alternate plans considered showed

that they could not be economically justified and in many in-
stances did not offer opportunities for full development of the
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available resources. The use of a major channel improvement
or diversion in lieu of an upstream reservoir was found to be
impractical due to the disruption of existing facilities in the
heavily built up flood plain areas., Other alternate proposals,
ineluding modification of an existing dam and chamnel work on
the Ashuelot River, were found to be either impractical or far
more costly than the recormmended plan,



TABLE NO., 1 - ATTACHMENT 1I
COMPARISON OF PROJECT COSTS AND BENEFITS

50 Years 100 Years

Construction Expenditures $1,377,000 $1,377,000
Annual Charges

Interest & Amortization Sli, 800 145,100

Operation & Maintenance 11,400 11,1;,00 |

Major Replacements 500 1,200
TOTAL ANNUAL CHARGES $ 66,700 $ 57,700
Annual Benefits

Flood Control $ 112,300  $ 113,600

Water Supply 23,500 20,100

Recreation 33,700 32,000
TOTAL ANNUAL BENEFITS $ 169,500  $ 165,700
Benefit~-Cost Ratio 2.5 2;9
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SEPARABLE COSTS - REMAINING BENEFITS METHOD

1. Anruzal Benefits
2. Alloestion of Costs
a. Annual economic costs )
b, Annual O and replacement costs
¢, Conatruetion expenditures in
specific facilitles
d, Construction expenditures in
joint use facilities
e, Total construction expenditures
{First Cost)
f. Benefit - Cost Ratio

PRICRITY OF USE METH®D .1/

1. Annual Benefits
2. Allocation of Costs
a., Anmial economic costs .
b, Annval O&M and replacement costs
¢, Construction expenditures in
specific facilities
d, Construction expenditures in
Joint use facilities
e, Total construction expenditures
(First Caat)
f. Benefit = (ost Ratio

INCREMENTAL COST METHOD _2/

1, Anrual Benefits
£« #llocation of Costs
a, £Annual econamic costs
b. Annual O&M and replacement costs
¢, Comstruction expend itures in
specific facilities
d, Construction expenditures in
Joint wse facilities
e, Total constmuction expenditures
{First Cost}
f. Benefit ~ Cost Ratio

TABLE 2 - ATTACHMENT II

ALLOCATIONS OF COST #OR BEAVER BROCK DAM

Economic Life = 50 Years

“Flood water
Control Sapply Recreation Total
$ $ $ $
112,300 23,500 33,700 169,500
25,000 14,500 2k, 100 66,700
3,700 1,500 6,700 11, %00
0 20,000 103,000 123,000
610,000 309,000 335,000 1,25h4,000
610,000 329,000 438,000 1,377,000
L.C L6 1.k 2,5
112,300 23,500 33,700 169,500
37,800 19,600 9,300 66,700
L, 00 2,300 54200 11,900
0 20,000 103,000 123,000
839,000 115,000 0 1,25h,00C
839,000 135,000 103,000 1,377,000
3.0 1.2 3.6 2.5
112,300 23,500 33,700 169,500
56,500 900 9,300 66,700
6,600 100 5,200 11,500
0 20,000 103,000 123, 000
1,25),000 0 .0 1,254,000
1,254,000 20,000 103,000 1,377,000
2.0 26.1 306 2.;

P

Economic Life « 100 Years

“Tiood Water
Control Supply Recreation Total
$ $ $ $
113,600 20,100 32,000 165,700
23,300 12,100 22,300 57,700
3,700 1,800 7,100 12,600
0 20,000 103,000 123,000
599,000 294,000 361,000  1,25L,000
599,000 314,000 W64, 000 1,377,000
k.9 1.7 1.h 2.9
113,600 20,100 32,000 165,700
32,100 15,700 8,900 57,700
L, 500 2,500 5,500 12,600
0 20,000 103,000 123,000
840,000 K1) ,000 0 1,254,000
BLO,000 434,000 103,000 1,377,000
3.5 1,2 3.6 2,
113,600 20,100 32,000 165,700
18,000 900 8,800 57,700
6,900 300 5,400 12,600
_ 0 20,000 103,000 123, 000
1,25k, 000 0 0 1,254,000
1,254,000 20,000 103,000 1,377,000
2. 22.3 3.6 2.9

1/ Priority for assigning remaining costs {1) Flood Control; (2) Water Supply; {3) Recreation

g/ Flocd Control considered the basic function to which all remaining costs are assigned,

R 3/6/61



